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I!NTR)DACTIONi

Exctensive technological advances realized during the last
20 years, with respect to -materials, technsiques, and structural

Sdesigns, indicated that more efficient means w-re available to
assist in- attairdng the overall objecIive of developirg a more
effective system for long-tern preservation of V. S. Navy shirs.

'Art OBJBCT07INES

Specific objectives included:

. Reduction in tine required for the total inact-ivaton/
U reactivation cycle-

* Reduction in costs for the couplete cycle.

S*e DeveloInent of more efficient zeans to preserve beelow

decks and topside equiprent and gear.

SAPPROACHR

One approach, wihappeared tohold considerable prcise,
called for the installation of an air-su=orted structure made
of a Zarable elastomer-coated fabric over the topsides of a ship,

with n wichdeh fie airwascircalated.

In accordance with agreements reached during conferences
attended by representatives of _IMVSHIPS (SHIPS 034 and 04S)

5 !AWSC, and this laboratory cm 13 Febr-upz and 19 March 1970,
authorization* was Given for personne, of this laboratory to
conduct a -relinimaty investigatio. 5-cluding the following phases:

. Prelininar cover design.

*Enczineering feasiilit a1nalysis.

- Econcmic analysis.

I e- cover a tuis
o Prenaration of a contract for design and procurenent7' of the cover.

Tine Design Divi.s ion of NUASHIYD ?MI.. was tasked to inves-
tigate the engineering feasibility of covering the topside of a
naval ship with an air-sportez! st:ructure. Tis included con-
sideration of cover design as iiluezced by ship dimensions and a

-Authorization is covered by references (a) through 1f) iti the
Ad inistrative Inforration section page iv.
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geometry, and their relationship to cover deflection, ship sta-
bility, =urIng loadings, and towing capabilities. NSRDC conducted
material studies, made a prelininary tire-cost analysis comparing
the current conventional method of ship preservation with the
proposed topside cover method, and investigated potential specifi-
cations which could define the performance of an air-supported
structure. The two facilities, along with 19AVSEC (SEC 6101),
prepared a request for proposals for design and fabrication of an
air-sutmorted structure to be installed aboard a ship.

-j The following key conclusions were reached during the pre-
±iminary investigation:

o It was technically feasible to fabricate and install
an air-sutported enclosure over the topside of a ship.

o It was technically feasible to circulate dehumidified
air within this enclosure to preserve the ship again t corrosion
and other deterioration.

o A naval auxiliary ship would provide a preferred
approach for esti-ating the time-cost effectiveness of the pro-
pused encapsulation method compared to the current conventional
method, over the cmplete inactivation/reactivation cycle.

o Tine-cost savings appeared possible if the proposed
encapsulation method was applied to an auxiliary ship. USS
BET--GEUE (AK 260) was designated for the prototype co7er instal-
lation.

o Cci.pared to conventional methods of sip preservation,
cst and time savings appeared possible for the topside encapsu-
lation concept if applied to a ship sizilar to USS BET E-SE
(AK 260).

A preferred material coosition for the air-upported cover
was defined, and technIcal specifications- _e developed for
cover p-erfornance suitable for inclusion in a request for technical
proposals.

As requested y this laboratory, the final report of the
Design Division . VPD PHU-al is highly detailed in order to -

provide comirehensive guieance to other facilities uhich in the
future could becone involved in si =milar projects. In view of the
detail, this report -akes =any references to the Design Division's
report so as to avoid unwarranted repetition. The following major
areas are included in the Design Division's report:figurti o .

* Cover Secetry and configuraon.

superscripts refer to sinilarly nubeered entries in the Technical j
References at the end of the aext.

Report 28-550 2



o Bow and stern enclosures.

if * Mooring loading.

o Cover deflection.
a!

o Ship stability.

o Towing.

- o Air dehumidification.

o Inflation system-

o Treatment of masts and other projecting superst-ucture
conponents.

o Emergency power supply.

o Padding of superstructure projections.

o Power.

- * Lightning rods.

- Shipyard facilities.

o Cover installation procedure. :

- " In this report the terms "air-supported structure," "topside 4
cover," and "topside enclosure," are used interchangeably, and
-he term "topside encapsulation," is intended to identify the

process of enclosing and preserving the topu 2des of a ship within
_ an air-supported structure.

j: Facsimiles of correspndence and supportin- information appear
in appendixes A through M.

F .ESUL1-Ts

-- SHIP'S SCHE

Under ideal conditions, the schedule for inactivating AS 260
would have consisted of a 3-month period of preliminary preparations

s by the ship's personnel followed irmmediately with work by shipyard
I __ industrial personnel, initially for hull preservation, and later

for topside modifications and instellation of the cover. 3
However, the continuity of this sequence of operations could

not be maintained for several reasons. Renegotiation of tech-
_ nically acceptable proposals submitted by offe-ers %as required,

changes in basic cover design by the contractor had to be made,
and unanticipated delays in procuring satisfactory woven nylon
fabric were experienced. Consequently, 6 months elapsed between
the completion of work by ship's personnel and the ;tart of work

I
Report 28-550 3
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by industrial personnel. This required some topside blankings,
equipment removal, and preservation, all of which would have been
otherwise unnecessary. In addition, USS BETELGEUSE (AK 260) was
locked in the same dry dock with USS LA SALLE (LPD 3) which under-
went extensive overhaul. The time required to complete the over-
haul was considerably longer than the time span required
for hull inactivation work on the USS BETELGEUSE.

Key events in the schedule for USS BETELGEUSE (AK 260) occurred -'

as shown in table 1.

TABLE 1
SHIP'S SCHEDULE

Date Event

20 Feb* 1970 AK 260 selected as a candidate ship for pro-
totype encapsulation

2 July 1970 AK 26C designated for prototype encapsulation 3

15 Oct 1970 Start of inactivation work by ship's personnel
at NAVSHI7YD CHASN

15 Jan 1971 Completion of work by ship's personnel; decom- -
missioning of AK 260

19 Jan 1971 Arrival of AK 260 at NAVSHIPYD PHILA i

2E-27 Jan 1971 Shipboard inspection by contractor -

17 Jan 1971 AK 260 dry docked; inactivation work, hull,
begun by shipyard personnel

20 Aug 1971 Topside modification begun by shipyard; figure
1-M of appendix M shows AK 260 while topside -i
modifications were under way Li

10 Sep 1971 Completion of hull work; AK 260 undocked

15 Oct 1971 Completion of topside modifications

19-20 Oct 1971 Topside cover installed aboard AK 260

21 Oct 1971 Postcover inptallation conference held "

23 Nov 1971 Cover acceptance tests completed; product
quality assurance and acceptance documents
signed

*Abbreviations used in this text are from the GPO Style Manual,
1967, unless othetwise noted.
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SOLICITATION AND AWARD OF CONTRACT FOR PROTOTYPE COVER

Background information concerning the preparation of the
request for proposals, review of the six proposals received, and
final award of the contract to design and fabricate the cover to
Birdair Structures, incorporated, Buffalo, New York, is included

VJ on pages 43-45 of the final report.1 Details of the solicitation
and contract are also available. 2,3

[ COVER DESIGN/SHIP TOPSIDE MODIFICATIONS

Air-supported structures may be of single- or double-wall
construction. Each type has its advantages as described on

pages 8 and 9 in the final report.1 After consideration of all
factors, including tradeoffs, the less costly single-wall design
was selected. z

Prior to award of the contract, the contractor's concept of A
the air-supported structure had been limited to a stressed skin
which transferred its load to its edges uniformly through trans-
verse tension. However, only after the contract had been awarded
was the contractor able to make a detailed computer study of the

Ii fabric pressure distribution and the stresses which were involved.
The study disclosed problem areas of excessive cover deflections,
flutter, and overstressing.

Ll Generalized solutioy of the problems is described on pages
47 and 48 of the report. In the final over design, the warp

r of the fabric of the cover iaterial was oriented fore and a'L,
Transverse wire cables spaced approximately 17 feet apart, which
would absorb end reactions from the fabric, were bonded to the
outside of the cover. These cables were fastened to the ship's
hull. A sealing flap was bonded to the inside of the cover in

Ui a position close to its edge. The flap then was vealed to the
ship with pressure-sensitive tape to minimize loss of dehumidified
air from within the air-supported structure. Figure 1 is a

i schematic representation of the concept as implemented.

Numerous modifications to the topside of AK 260 had to be
developed to accommodate the cover. Design of the modifications
to the ship had to be integrated closely with design of the
cover to assure maximum compatibility. This required close
cooperation and continuous communication between the Design Divi-
sion and the contractor. Progress of the work was monitored by
NSRDC.

Details concerning design problems, cable reinforcing, mooring
station enclosures, plans to install the cover, the need for
longitudinal support cables, padding of projecting topside super-
structure components, attachment and sealing the cover to the
hull, and its installation are included in separate sections of

Report 28-550 5
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Figure 1
Topside Encapsulation Concept

At the direction of the Commander, NAVSHIPYD PHILA, the
Value Engineering Branch made an independent study with the I
objective of recommending time and cost saving improvements which
could be incorporated into future installations. Results of the
study are reported in enclosure (9) of the report.1 Recommen-
dations of the branch are combined with those of the Design Divi-
sion on pages 70 and 71 of the report.1

MATERIALS OF CONSTRUCTION OF COVER

Cover Fabric

As indicated previously in the Introduction, one of the
results of the pr6liminary investigation was the definition of a
preferred material combination for the air-supported cover. This
combination consisted of a woven Dacron* fabric coated with
Hypalon,* or with ypalon on the exterior and Neoprene* on the

*Registered trademark of E. I. du Pont de Nemours and Company.

Report 28-550 6
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interior surface. A minimum target life of 15 years for the
material when exposed to the environment was sought. However,

!j it was realized that other material combinations likely could
perform equally well under similar environmental conditions.
Accordingly, in the solicitation2 offerers were given the oppor-

I tunity of quoting on alternate material combinations, provided
that they supplied proof of service performance equivalent to
that expected of the preferred combination.

The contractor proposed use of a Neoprene-coated nylon I
fabric which he had employed successfully in the fabrication of
many radomes and shelters. He planned to paint the outer surface
with a specially compounded Hypalon base paint which had been
found to have excellent weatherability characteristics. One
confirmation of the good service performance, which could be

1 expected of the material combination proposed by the contractor,
was received during telephone discussions with Mr. A. Carletti,
Branch Head, U. S. Army Natick Laboratories, who has had wide

L [ experience with air-supported structures.

The soundness of the contractor's proposal also was verified
S- by service performance records of single-wall air-sunported
= structures, as shown in appendix A. The data indicated that a 4

Sminimum target life of 15 years for the cover to be installed
aboard AK 260 should be attainable.

Two different woven nylon fabrics were used for fabricating
the cover installed aboard AK 260. A 2 x 2 basket-weave (6 ounces
per yard) faDric was used for covering the bow and stern ends

Li of the ship wnere relatively low stresses prevailed. A wore *

tightly plain-woven (8.5 ounces per yard) fabric was used for
. - all other sections of the ship. Two coats of Neoprene were
SI ! applied to the nylon fabric. The initial brush-on coat was

equivalent to a primer tie-co.et which assured adhesion integrity
of the second calendered coat. Total coating weight was approx-

-F imately 22 to 23 ounces of Neoprene per square yard, balanced

equally on both sides.

: f The contractor's specificatins of the e o nylon base
Li fabrics are shown in table 2.

The contractor's specifications of the two Neoprene-coated
nylon .abrics are shown in table 3. Design of the total cover
system took into consideration the specifications of all materials
involved.

Report 28-550 7
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TABLE 2
NYLON BASE FABRICS, CONTRACTOR'S SPECIFICATIONS

Weave
Basket Plain

Type High tenacity filament nylon

Weight, approximate 6 oz/yd2  8 1/2 oz/yd2

Count, typical 28 x 28 34 x 30

Yarn, No. 840/1 .l

Weave, typical 2 x 2 basket Plain

Finish Scoured and heat set

Gage, approximate 0.018

TABLE 3
NEOPRENE-COATED NYLON FABRIC, CONTRACTOR'S SPECIFICATIONS -

Fabric, weave
Properties Basket Plain "

Coated weight: oz/yd 28-31 28-31

Coating distribution Balanced Balanced i

Approximate thickness, in. 0.03125 0.03125

Minimum useable width, in. 60 60 A

Minimum strip tensile strength, lb/in. width
(2 in./min loading rate)

Dry Warp 400 525

Fill 370 450

Wet Warp 400 525

MFill 370 450

Minimum Trapezoidal tear, lb
Warp 45 70 -

Fill 45 70

Report 28-550 8
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Transverse Stiffening Cables

Stability and buoyancy criteria for naval ships include a
capability tj withstand a minimum wind velocity of 100 knots

rwhen at sea. Inactivated ships occasionally are towed in the
open sea from one facility to another. Consequently, a topside
air-supported structure also must be capable of survival when
exposed to 100-knot winds.

L '- Detailed stress studies by the contractcor disclosed that
for the cover to withstand extremely high wiad velccities it was
necessary to stiffen the enclosure with transverse steel cables
bonded to the outer surface of the cover as shown in figures
2- through 5-M of appendix M. Inflation of the structure
resulted in a compression fit of the fabric against the cable so

il that the latter was in hoop tension. TIe cables were spaced
approximately 17 feet apart along the length of the cover.
Strands at the ends of the cables were spread, fitted into cone
sockets of clevis assemblies, and held in place with molten zinc,
as shown in figure 6-M of appendix M. The clevis was attached
through a clevis pin to a padeye welded to the hull of the ship,
as shown in figure 7-M of appendix M.

il Pertinent information concerning the cables is shown inI table 4.
Li TA-3LE 4

TRANSVERSE CABLES, KEY PROPERTIES

Property Identification Requirement

Material Improved plow steel

No. of strands
U Wires per strand 25

Lay Standard

Preformed Yes

Galvanized Yes I

Cable diameter, in. i

Weight oer ,foot, lb 1.87
Pretensioned to pull, lb 40,000

Breaking strength, maximum, lb 90,000 1
~~Anticipated bonding stress 4,0

capability, maximum, lb

Loading at padeye, equivalent to
6-in. water gage pressure

No wind, lb 11,000

100-knot wind, lb 45,000

I Report 28-550 9
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BASE CABLE AND CABLE CLIPS

The base or catenary cable is bonded with Neoprene cement I
within a sleeve of the cover material which in turn is bonded
to the cover's sealing flap along its entire peripheral edge.
A clip is bent double around the sleeve within which the cable is
bonded. A hole is drilled through both ends of the clip so that -3
it can be fitted over a 7/16-inch-diameter threaded stud which
is welded to the ship's hull. The clip is then fastened to the
stud with a nut. A sketch of the assembly is shown in figure 2. 1

Key characteristics of the base cable are shown in table 5. -.

STRESSED

ENCOSE IN:

TO HUL

Figure 2
Attachment- of Base Cable to Ship's Hull-

Ro 2 54

Report~~ 28501



IJ TABLE 5
BASE CABLE, KEY PROPERTIESflu I

Property Identification Requirement

p Material Steel

No. of strands 7

-. Wires per strand 19

Galvanized Yes
XLay Standard

Cable diameter, in. 0.375

Coating on cable
Ii4

Cable bonded to cover Ne.prene

Cable exposed to weather Polyvinylchloride j

The clips are made of a galvanized steel and have the
h. following dimensions (given in inches):

Length -4

Width - 1 1/4

IJ Thickness - 1/8

BUTYL SEALING TAPE

The pressure-sensitive tape was supplied by Inmont Corpora-
tion (their style 177.1) and meets requirements of the specifi-
cation.5  The adhesive tape was selez-ed by the contractor as

L the best of a group of sealants which he had evaluated. His
tests included evaluation of ts adhesion to the finished coverp material and Navy ha.e-grey paint on steel panels supplied by

__ the Design Division, NAVSHIPYD PHILA, and its ease of removal
as during reactivation. Key characteristics of the sealing I

-~tape are shown in table 6.

Commercial experience with this adhesive tape has been
highly satisfactory according to the supplier. It has provided

F excellent weather resistance as a sealant for windows of auto-
mobiles and over-the-road trailers, and as a barrier to prevent
entry of water into vaults.

J

Report 28-550 11 .



TABLE 6
SEALING TAPE, KEY PROPERTIES

Property Identification Requirement
Type Butyl mastic

Dimensions, in.
Thickness 0.125

Width 0.375

Composition 100% solids (nmvolatile)
Aging !oahnxlming, nrsrinking

Aging retains flexibility for
exted period

Toxicity None

Odor Bland

Corrosiveness None

Staining None

Resistance to solvents,
mild acids and alkalies, Excellent
ethyl alcohol, and
water

Resistance to ultraviolet Excellent

Applicability Readily painted over

HYPALON PAINT

The outer surface of the cover was painted with Hypalon
pa'.nt which has excellent weatherability characteristics,
including protection against ultraviolet rays. The paint was
supplied by Dexter Midland, Rock Hill, Connecticut (their
formulation 23-5492B). The curing agent in the paint is
tribasic lead maieate which provides superior water resistance
over other curing agents. 6  Cure of this paint is substantially
complete in about 2 weeks and is accelerated when exposed to
a warm, moist environment.

Hypalon paint applied to radome covers must meet all
specification requirements. Except for the electrical trans- 7
mission requirement, which is irrelevant with respect to the
current application, all other requirements provide a suitable
basis for this application of the Hypalon coating.

Compositions of Hypalon paints may vary widely depending

on their intended end use. The paint applied to the cover
installed aboard AK 260 was selected by the prime contractor,
Birdair Structures, Incorporated, in view of many years of

Report 28-550 12
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proven performance when applied to radome covers, shelters, etc.
The paint provides excellent protection against ultraviolet

| radiation, which is especially harmful to the nylon fabric of
I the cover, and it has a relatively low level of permeability for

water and air. Discussions with representatives of Bell Telephone J
I i Laboratories, Du Pont, and B. F. Goodrich support the opinion

that life of the paint coat applied to the cover aboard AK 260
could approach 7 or 8 years before major refurbishing is required.

Worn coats of Hypalon paint can be refurbished readily.The coat is first washed with water containing a detergent in

order to remove dirt and other particulate matter. After it has
dried, the coat is wiped with toluol in order to get rid of 4
oily deposits which may not have been removed with the detergent
solution. The toluol also softens and imparts a slight tackiness

S to the existing coat which assures better adhesion by the refur-Sbishing coat.
NEOPRENE CEMENT (ADHESIVE)

Neoprene cement was used to bond adjoining secticns of the
cover. Ten parts of the cement are mixed with one part of
accelerator immediately before bonding. Bostik cement (No.
1205) and accelerator 9 are supplied by the USM Company.

ICOVER FA4BRICATION i

Fabrication of the cover by the prime contractor was delayed
because of fabric procurement problems. The 6-ounce basket-

V , weave nylon fabric originally selected by the contractor dis-
played ex-cssive bias, how, and bagginess. Complete information
regarding the unexpected defects appears in enclosures (6) and
(7) of the final report. 1

In order to avoid excessive delay in fabricating the cover,
the contractor used only acceptable portions of the finishedI basket-weave fabric for the bow and stern seztions of the co'cz.
The finished heavier weight (8.5 ounce) plain-weave fabric was a
used for the more highly stressed midship sections of the cover.

Because of its large size the air-supported structure was
made up of sections to facilitate handling. Each section
consisted of panels. Adjacent panels were bonded together by
means of cemented lapped joints. Each panel was patterned to
compensate for stretch in order to assure the correct final
geometric shape.

PADDING OF SHIP'S SUPERSTRUCTURE

It was necessary to pad projecting superstructure components -

to prevent damage to the cover structure during its installationIi uteila ay vilbeatte hpaftrd waluedtoionimiz
and also when exposed to high winds after inztallation. A paddingmaterial already available at the shipyard was used to minimize ft
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procurements. Sheets and tubes of a soft, unicellular specifi-
cation8 polyurethane foam about 3/4 inch thick, were wrapped
around projections with which the cover would be -likely to make
contact. The padding had a rough surface which proved to be
a time-consuming hindrance when the rough surfaced cover was
eased over padded projections during draping and fitting opera-
tions. In future installations, every effort should he made
to use padding with a smooth surface such as bald rubber tires,
used linoleum floor covering, or similar materials. The padding
installed on the crosstree of the aftermost mast, the aft -
starboard gun tub, and starboard bridge wing of AX 260 is
shown in figure 8-M of appendix M.

COVER INSTALLATION

The contractor specified that the cover should be installed
only under favorable weather conditions, that is, winds with a
velocity below 10 mph, temperatures above 35* F, and in the
absence of rain. Also, he wished to complete draping and
preliminary inflation of the cover within I day.

For s--Teral reasons, the installation date of the cover
slipped to .:-ctober 1971. This was discouraging because local
weather bureau reports indicated that blustery, changeable
conditioas could be expected on this date. Strong winds did
occur then and it was necessary to postpone cover installation
to the 19th. Unanticipated problems developed during the
draping and fastening of the cover so that installation and
preliminary inflation of the cover could not be completed until
late on the 20th. Details concerning the problems which developed
and their on-site solution are described on pages 57 through 63
of the final report. 1 Highlights of the installation of the
cover appear in figures 9-M through 15-M of appendix M.

In view of the problems which had developed, a conference
was held on the following day to solicit coents and suggestions
which ciuld expedite f tare --over installations aboard ships.
Specific items recocended for further consideration are sum-
marized in appendix B.

AIR PRESSURIZATION SYST!11

Air intake blowers of the air pressurization system auto-
matically maintain the required pressure inside the structure.
There are two low-pressure and two high-pressure blowers. One
of each rating is intended for standby service. For wind
velocities below 30 knots, internal air pressure is maintained
at 2-inches water gage. When wind velocity exceeds 30 knots, A
a high-pressure blower cuts in automatically to increase the 4
pressure to 6-inches water gage so that the structure can
withstand the greater impact pressure caused by high velocity
winds.

Report 28-550 14
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il4
. The inflation system was designed by the prine contractor

and was installed as directed by NAVSHIPYD PHILA on hatch
Scover 3. Manufacturer, model identification, and operating

characteristics ef the low- and high-pressare air blowers are
listed in appendix C_

U Additional details concerning the air inflation systen are
included on pages 29 and 30 of the final repovt. Figure 20-M
of appendix N is a view of the air blowers and air intake ducts

) ~ of the system.

AIR DEHUMIDIFICATION SYSTEM

Ii Detailed information concerning the air dehumidification
_(D/H) system installed aboard USS BETELGEUSE (A.K 260) and its
I f I performance characteristics is included on pages 26 through

-. 29 of the final report. 1

The system serves approximately 1,700,000 cubic feet of
air enclosed within the interior of the hull and the topside
cover, and includes five rotary-type air dehumidification
machines, standard size 55-500, each rated to serve a nominal
ship space of 400,000 cubic feet of air. Requirements and
details regarding the construction and operational gapacities
of individual models are provided by specification. Tc each A'

I DiH machine, INACTSHIPFAC PHILA personnel connected several
1 humidistats, each of which was positioned in a different

location and could activate the machine if the relative humidity
(RH) in its vicinity rose above approximately 351.

Circulation of dehumidified air through the ship is shown
in figure 3.

II Locations of the D/H machines and hunidistats are given
-%_, table 7- T

-fI~ In

I) -

Figure 3in Circulation of Dehumidified Air Through USS BESLGEUSE (AK 260)
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TABLE 7
LOCATIONS OF AIR DEUMDIFICATION NACHES

AND HUMIDISTATS* ABOARD USS BETELGEUSE (AX 260)

- -on center line aft of hatch 3, i deck

lB1  Ain deck, frame 9

Bold, frame 50
Bold, fr-a-- T1

-3

1 B Galley, inside p-assage

- Forvard str_--21j corner batch ;, -in deck

2 =2  Second deck, frane 119

2 E Bold, frane 1

2 H Laundry, aft frame 137

) HL Cabin deck, ftam T-8

5 Bj Cabin deck, fr.=e 9-7

3 f -Aft starbcard corner, hatch 1, forecastle deck

3 E1  Forecastle deck, fram 10

3 H. of hatch 1, fre 25
i 3 H3 Forecsstl.e dec, frwme 35 tm:

I-t port corner, batch 2, zei deck"

.Y E.ain deck, f . 51d

4 %-of atch 3, rz 60

4 H14 Cabin deck, frae 75, comected to machine 2

- Port side, hatch 5, mmin deck

5 W. an deck, frame 12-

5 R. Too of hatch 5, frane 135

5 B3  X-tin deck, aft, fraze 151

5 HE  Cabin deck, frae-- _7, connected to zacbine 2 LA

*Under supervision of INACTSIFFAC PEIA.
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COVER PERFO 3MCE

proximately 90 days usually are required to wdry out* a
ship similar to AK 260. However, in the case of AK 260 there
was no opportunity to determine the length of the drying-out

t_ !period, because the air within the interior of the hull already
had been dehumidified before installation of the topside cover.
Humidity of the air when the cover was inflated on 20 October
1971 was relatively low. Consequently, only a short period of
time elapsed before RM of the air within the dehumidification

U zone had dropped to below 40%. On 13 December 1971, RH of the j
air was msasured at all humidistat locations with a wet/dry
bulb hygrometer by INACTSHIPPAC PHILA with tha results shown

RI in table 8. At all positions, RH was well below the acceptable
40% level.

TABLE 8
RELATIVE HUMIDITY OF AIR ABOARD USS BETELGEUSE

U Humidistat* Air Relative I
No. Humidity,% I

lH I  31
lI 2  20

S1 H3  22
11 H4  28

l2 5 28
- 2H 1  27;

I H5

2 H2 27
I2 H3  28

2 2H 4  293 Hi 28
3 H2  2
3 H3

4 H1  31

HI 294 H2  274 H3  2.9
4 H4  27-B 5Hl 279
HB2  128________ 26

*Under cognizance of IACTSHIPFAC PHILA.
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In several isolated instances, when a machine operated over
50% of the time, the causes were discovered and quickly corrected.
A faulty humidistat was the cause in one case and an acciuulation
of water in a chain locker in another. Less than 40% RH was
maintained in each instance, indicating adequate capacity and
satisfactory controls in the dehumidification system.

Nine combination RH/temperature sensors connected to a
continuously recording potentiometer were installed at different v
topside locations by NSRDC personnel. Thus, an uninterrupted
record of daily RH and temperature fluctuations could be obtained.
Locations of the sensors are given in table 9. RH and temperature
of ambient air was registered by sensor 1. A sensor also was
installed on the top of the stack where maximum daily fluctuations
in RH and temperature were expected.

TABLE 9
LOCATIONS OF RELATIVE HUMIDITY/TEMPERATURE

SENSORS ABOARD USS BETELGEUSE

Sensor Location
No.

1 Outboard, starboard midships mooring station, frame 65

2 Top of hatch 3, main deck, frame 57

3 Top of stack, frame 83

4 Aft starboard gun tub, frame 144

5 Top of hatch 5, main deck, frame 128 i
6 Top of hatch 2, main deck, frame 40

7 Top of hatch 4, main deck, frame 104

8 Engine room vent, bridge deck, frame 93

9 Forecastle deck, aft of forward mooring station,
frame 8 I

Maximum moisture removal demands on the D/H machines are F
made when RH of the outside air is of the order of 75% or higher. i
This level was noted on 19 February 1972. A record of the
readings for the entire day is shown in appendix D. RH readings
at all sensor locations remained at acceptable levels throughout
the day.

Response of the system to the passage of a cold front with fl
attendant decrease in RH of the ambient air on 14 April 1972 is
tabulated in appendix E. The incoming pressurized ambient air
ir comingled with the dehumidified air at hatch 3. Offhand, a
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f uignificantly higher RH would be expected in th.is vicinity than
r- in other areas of the dehumidified air zone. However, operation

of the D/H machines and air ducting has been so well integrated
that the RH of the air at hatch 3 is only fractionally higher
than at other positions.

J Observations to date indicate that the RH of the air in theitotal D/H zone of the ship will continue to be maintained effi-
ciently at the low levels required for minimizing metal corrosion.

The cover has been designed to withstand wind velocities up_ . to 100 knots and a snow load cf 7 psf (12 inches of snow). Based
on a 25-year return period, the estimated maximum wind velocity
at Philadelphia is 61 knots, and in the Norfolk-Portsmouth area
is 69 knots.

i So far, the highest lind velocity to which the cover has

been exposed since it was installed in October 1971 is 46 knots,
-i as noted in appendix F. The cover withstood these gusts without

any indication of adverse effects. At no time during the 1971-
1972 winter did snow accumulate on the cover to a depth of 12
inches. However, after several minor snow storms it was observed
that because of the rounded shape of the cover, the snow tended
to slide or blow off the cover as the latter swayed under wind
impact.

is Successful performance of the topside encapsulation concept
is largely dependent on the combiiLed capabilities of the air

I blowers of the inflation system to maintain the required air
pressure, and of the dehumidifiers to maintain approximately 35%
relative humidity within the cover. Factors which determine the
capacities required of the blowers and dehumidifiers are the
total volume of air within the cover, air-leakage rate, and
relative humidity and temperature of the outside air. The los:
of dehumidified air by leakage should not exceed the combined

Icapabilities of the blowers and dehumidifiers to provide an
equivalent volume of dry makeup cir within the cover.

j Cover material and bonded seams are substantially impermeable
with respect to air loss. However, significant air leakage may

I - occur for any of the following reasons:

[ * Holes or rents in cover.

9 Imperfect bond between the sealing flap of the cover
and the ship.

* Defective gasketing o quick-closure doors of air
locks.

I. e Defective przssure-relief valves of air locks.

. Inadequate gaskets between flanges of nrooring stationsLi and the ship.

Report 28-550 19
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e Poorly sealed stuffing tubes.

o Poles or cracks in welding seams of the mooring
stations and the ship's hull.

Clearly, many precautions must be taken during preparation of a
ship's topsides prior to installation of the cover and during
actual fitting of the cover to the topsides in order to restrict
air leakage to an acceptable level.

Calculations show that under extremely adverse conditions
of high relative humidity and high temperature of external air,
maximum air loss must not exceed approximately 350 cfm in order
to maintain a 35% relative humidity within the cover. One month
after the cover had been installed, the measured air-leakage
rate at 2-inches water gage pressure averaged 350 cfm. Eleven
months later after a number of previously undetected leaks had
been sealed, air-leakage rate had decreased to 288 cfm. These
rates are tolerable under extremely adverse conditions. Under
more normal conditions of lower relative humidity and lower
temperature of ambient air, high air-leakage rates, up to about
600 cfm, could be tolerated.

Detailed information concerning air-leakage tests is given
in appendixes G and H, and on page 65 of the final report.'

In general, performance of the prototype cover during its
first year of operation has been impressive. Relative humidity
of the air within the cover and leakage of air have been at
levels well within acceptability limits. Operation of the air
pressurization and air dehumidification systems has been sub-
stantially trouble-free.

Several series of pinhole perforations extending for
approximately 1 foot in straight lines in the warp direction
of the cover fabric, have developed in the starboard bow and
aft starboard gun tub areas. In these locations, the base nylon
fabric was 6-ounce basket weave. A tighter woven 8-ounce plain-
weave fabric was used for other sections of the cover.

The contractor's comments concerning the pinholes are
given in appendix I. The presence of a relatively small number
of pinholes is considered to have negligible adverse effects on
the performance of the D/H system. However, in future cover
procurements, the contractor should be made responsible to develop
quality control standards for the coated fabric so that the
incidence of pinhole development is minimized. j

IMPROVED PRESERVATION PROCEDURES

Bases for maximizing the advantages to be derived from the

total concept of ship topside encapsulation were emphasized during -

presentations made to NAVSHIPS (SHIPS 043 and 00) by representatives
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of this laboratory, .in August 1971. Optimization of the total
concept included tensive revisions of the Inactive Status
Technical manual." The intent of the revisions was to permit
equipment aboard a naval ship scheduled for inactivation by the
topside encapsulation process, to remain in an "as is" condition
to the maximum extent possible and would recognize the following

s e Air dehumidified to a relative humidity of approximately
35% by itself is an effective preservation medium.

a The currently used solvent cutback corrosion preven-

tive, as a backup to preserve machinery and related equipment,
should be discontinued.

ii-j * It should be replaced by more cost-effective methods

of preservation using available modern preservative lubricating
oils.

Several potential advantages attributable to replacing
solvent-cutback corrosion preventive with preservative lubricating
oils appear readily achievable.

* Recognized hazards to personnel and equipment
associated with the use of solvent-cutback corrosion preventiveY - ould be minimized.

I ;U
* Application and removal of solvent-cutback corrosion

Ipreventive is more involved, more time-consuming, and more
expensive than for preservative lubricating oils.

. Operational problems, attributable to incomplete
removal of solvent-cutback corrosion preventive during ship

- reactivation, would be eliminated.

wihthi Preservative lubricating oils are wholly compatible
with their lubricating oil counterparts.

e Preservative lubricating oils are fully operational
" 1 lubricants.

LJ

t Preservative lubricating oils are less expensive
than solvent-cutback corrosion preventive.

During a conference held on 6 March 1972, WAVSHIPS (SHIPS 043)
ti assigned top priority to the development of recommendations for
11 revising the ttchnical manual10 by minimizing the use of solvent-

cutback corrosion preventive for the preservation of below-deck
machinery by either the conventional or topside encapsulation
methods. Details concerning the reconmendations are given in
appendix J.

Additional recommendations for revisions of the manual, which
incorporate more efficient practices for the topsides of ships
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preserved with air-supported structures, are described in appendix
K. However, NAVSEC has considered it premE.ture to adopt the -

latter group of recommendations because of the limited service )
experience with the prototype installation aboard AK 260 (reference

S (f))-

COST-EFFECTIVENESS ANALYSIS

Performance of the prototype air-supported structure during
the first year since its installation indicate-s that a service
life in excess of 10 years appears attainable. and attests to the
technical feasibility of the concept. Its economic feasibility
is of comparable significance and has been ev'luated in a time-
cost analysis.

It was recognized that appreciable developmental and some
redundant costs which had been incurred during the prototype
installation would not be chargeable to fusure installations. It
also was realized that further reductions :n labor, materials,
and overall costs could be effected by simplifying cover design
as well as ship topside modifications required in order to provide
a sound interface between cover and ship, and by utilizing
improved preservation procedures.

The analysis disclosed that by using the topside encapsulation
procedure, labor savings of approximately 2000 man-days could be
achieved over the total inactivation/reactivation cycle. For
the reactivation segment alone, savings of nearly 1900 man-days
appeared possible. Estimated costs for the topside encapsulation
and conventional methods of preservation were similar. Additional
cost savings which could be attained by employing the simpler,
less time-consuming preservation procedures and with the benefit
of experience, appear possible, but at present these are not
calculable.

Complete information concerning the -cst-effectiveness
analysis appears in appendix L.

INSTRUCTION MANUAL

A compreitensive instruction manual, which includes general
information and operating and maintenance guidance for the pro-
totype air-supported structure, has been provided by the con-
tractor for use by personnel of INACTSHIPFAC PHILA. Among the
topics covered in the manual are the system operational details;
scheduled maintenance; troubleshooting; correztive maintenance; 4
lists of parts; cover dismantling procedure; dnd operating _.
instructions, diagrams, and parts lists for ancillary equipment.

In the event future air-supported structures are installed J
on other inactivated naval ships, similar instruction manuals

should be prepared by individual contractors for use by personnel
of cognizant INACTSHIPFACs. Ma
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FUTURE INSTALLATIONS

iA major advantage of the topside air-supported structure
concept of ship preservation is that considerable topside equip-
ment and gear can remain in place within a dehumidified air
environment where its deterioration is minimized. By contrast,

J the conventional method of ship inactivation requires that much
topside equipment be disassembled, stowed below decks in a
dehumidified air zone, and entered on the ship's current ship's
maintenance projects file, the activation check-off list, and
stowage plan. Later, during reactivation, this sequence of
operations must be reversed. From the viewpoint of labor andYj time savings, it is evident that the new concept should find
maximum applicability to those classes of ships fitted with the
most topside machinery and gear which ordinarilv would have to
be disassembled and stowed below decks during inactivation. As pointed

t out in discussions with NAVSHIPS (SHIPS 04), naval auxiliary classes
represent hull types preferred for topside encapsulation.

IFrom the standpoint of minimizing deterioration of a ship's
L topside, including deckhouse, other superstri zture components,

and gear, the new concept also is preferable to the conventional
g method. In addition to auxiliaries, it appears well suited for
L. wooden-hulled minesweepers (MSO class), where major deterioration

of deck planking and portions of the hull above the water line
has been observed.

Because of funding and time limitations it has not been
possible to make a detailed time-cost analysis for a typical
combatant ship, e.g., the DD class. Consequently, the economics
of applying topside encapsulation to such classes remains to be
evaluated.

For the above reasons, universal implementation of the new
concept appears unwarranted at this time. Rather, it should be
applied selectively to those ships which are most likely to be

1 returned to active status and which would provide opportunity
for exploiting cost-effectiveness advantages, especially in the
reactivation phase.

SUMMARY

A novel method of long-term preservation of naval ships has
been implemented. It consists of installing an air-supported
structure, within which dehumidified air is circulated, aboard
the topside of a ship.

Performance of the prototype air-supported structure during
its first year of operation has been impressive.

A more efficient backup system of preserving below-deck

machinery with preservative lubricating oils in place of solvent-L cutback corrosion preventive, is being Lmplemented.
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Experience with the prototype installation will provide for
the development of improved: A

* Concepts for design of:

Shipboard air-supported structures.

s Ship topside modifications required for fitting

structures, for future installations.

9 Methods for draping and fitting structures for
future installations.

In order to implement the new concept to the fullest, a
new philosophy of naval ship preservation has been developed.
It calls for:

e Minimum removal of topside equipment and gear.

e Elimination of cDnventional preservation work to
the maximum extent possible.

A cost-time analysis, which compares the conventional method
of ship preservation with the new concept as applied to naval
auxiliaries similar to USS BETELGEUSE (AK 260), has been made.

CONCLUSIONS

Successful performance of the prototype ship topside cover,
during the first year of its installation, has confirmed the
technical feasibility of the new concept of naval ship preserva-
tion.

Preservation of selected naval auxiliaries with air-supported
topside structures should result in:

a Significant labor savings, especially during ship
reactivation.

e A significant reduction in time to reactivate a ship.

Costs of preserving an auxiliar-y similar to USS BETELGEUSE
(AK 260) by the conventional methcvi and by the new concept appear
similar. However, additional cost improvements in implementing
the new concept are possible.

The availability of modern, fully operational preservative A
lubricating oils provides an improved means of preserving machinery
of inactive ships. 1;U

Improvements in designs of shipboard air-supported structures
and ship topside modifications for accommodating these structures
can be made.
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I

More efficient methods of draping and fitting air-supported

structures on s .ips' topsides are available.

jiJ RECOMMENDATIONS

I i~Implementation of the new concept of ship preservation should
U be extended selectively to include those classes of naval ships

having the best opportunity for payout. This also would includej inactive ships specially susceptible to deterioration.
A time-cost analysis comparing the conventional method of

ship preservation with the new concept applicable to a combatant
~I ship (e.g., DD class) should be made.

A search for further potential naval applications of air-
I ~ supported structures should be made and their feasibilities

evaluated. For example, these uses could include covers over
dry docks, which would serve the dual purpose of facilitating
work aboard ships during inclement weather and minimizing local
air pollution during major ship sandblasting and coating operations,
as well as ground shelters within which small-scale construction
jobs could be handled uninterruptedly during foul weather.

FUTURE WORK

I i Consultation and technical assistance regarding ship topside j
air-supported structures will be provided as requested by NAVSHIPS
(SHIPS 04) and other Navy agencies for further implementation
of the new concept.
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3O DEPARTMENT OF THE NAVY
NAVAL SPRP RESEASCH A.10 DEVELOPM~ CENTER T

S212P/4771 (2941 I!9A)
WULI~.T~u~i114wWork thifts 1-841-s11.A

To: Comanding Offi cer, Philadelphia Naval Shipyard

-, nig fie
Ii Subj: Ship Topside Encaslton Program; Post Cover Installation Conference

Encl: (1) Commnts and suggestions to expetite future ship topside cover
installations

0 1. Installation of the cover over the topside of AX 260 was accomplshed
on 19 and 20 October 1971 at NAV-EIPYD FHILA. High broadside u, velo-I-
cities, up to approximately 20 knots, were experienced on these dates,
which created a imb-r of probleas when drping the cover over the ship
and slowed cover installation past the desired one day period..

S 2. Wt~ih the view of inroig fu cover installations aboard ships,
a conference was held on 21 October to solicit coments and suggestions,

based on experience with the prototype instillation. The conference was
attended by the following:

D. Mcarvey Shop 072, NAVS.IPYD PHrIA
F. J. Sizone Shop 072, NAVSHIP"D PHIIA
L. J. Ciervo Shop 072, RAVSHIPID PHIIA

J. Egan Design Div., 270.4, NAVSKIPY0 PHILA
. Fanciotti Design Div., 270.4!, N AVIPYO PHIIA

E. Harris Code 216.3, NMAYHIPYD .!.LW.
3. Iequinto Code 216.7, 1RAVSIPMh PHILA
W. L. Fowler BIRD-AIR SIJIWCJMIS, INZ.
LT. C. A. Kumi, USX IACMISHIPFAC PHIL.A
T. lTeodorides ]XACTSHIPFAC PI.
A. Miner KAVSMC 6101E
H. E. Achilles Code 2841, N.AVSFHIPRA VCB AM
J. W. Cae-orette Code 2852, NAVSHIIPRA EN .MKJMAB
A. L. Wfaldron Code 28S2, NAVMMM E 11PAD 23A'AA

L 3. Specific points ich we br attention for further c side r ati
-,are simizdin enclosure (1).

Nf

U Copy to: (w/ene.) AA
MAYMPS 04 IRUFOLO

NAYSHIl'S 043
AYHIPS 03421
NAVSIIIPYD M-ILA Code 250.4
MAVSHIYD MUIL Code 276.1IA I PirL .hop 72 (3)
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NP/4776 (28,41 HER) NAVIIPRXIMM Nork Uaits 1-841-511-r\
Annapolis and 1-841-512-A

Copy to: (v/encl.) Cointd
NAV-ITIPYD PHILA Code 216.3

KAVSIIYD PHIIA Code 216.7
IlL~r~IIACPI;ILA

DIMIAIR STRUTIIES, INC. (Mr. W. L. Fncler)V

L:

L:

I2
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SHIP TOPSIDE ENCAPSULATION
USS BETELGEUSE (AK 260)

CONFERENCE

NAVSHIPYD PHILA, 21 ocr 1971

Subj: "Co-ents and Suggestions to Expedite Future Ship Topside Cover
Installations"

I 1. Cady 8000 Unloading Pallets

a. Chige di-ensions

Consideration should be given to making the pallets wider, propor-Itional to the beam of the specific ship. )kxring between the two pallezs
I should be made more rigid to prevent undesirable relative movements.

_ b. Unloading of cover

Shape of the imloading pallets should be aodified so that the ends

extend in a broad arc in order t3 facilitate draping the cover. Fore and 3
aft tilt of the pallet must be carefully zontrolled. The cover should be
folded on the pallets so that the u. nsverse cables are arranged in the
prcper position to assure their sequential drop as the cover is draped.

Ths houldcorc bcal aigeprecdithcaefAK20Use of ffairlesds to assist in contr-olling drape of cover over ship should ,

Ibe considered.

tc. Relative aligunent of pallets
L

After the pallets are raised over the -hip, they should be
maintained in the same parallel position in which they were naintained

L - when lifted iroa the dock. Techniques to achieve same should be developed.

d. N.- ber of pallet.;

Consideration had been given orIginally to the use of only one
pallet in place of the two e=loyed for the AX 260. It was suggested that
the possible use of one larger pallet again be reviewed.

2. Cover

Sa. Outboard of the loading pallets, the cover should be secured to
prevent it billo-ing as it is raised.

b. Possible use of tie dowins in the fom of bands provided with con-
utollod refase cf cover. folds, should be censidered.

C] 31
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Subj: "Comments and Suggestions to Expedite Fu-ure Ship Topsidc Cover
Installations"

c. The sleeves of transverse cables should be reinforced to provide
handling points at key locations, such as near the ends of the cables,
so that lines to cranes can be attached for mechanized handling as the
cover is draped. These points should be faired relative to the cover
fabric.

d. Portions of the cover, such as the sealing skirt which may be
subject to chafing by the transverse cable at mooring stations when
the cover is inflated, should be reinforced or protected.

e. Projections of the superstructure should be covered with hard
padding having a sr.ooth surface rather than using the soft conformal
padding with a relatively rough surface, as for the AK 260. Bald
rubber tires have been suggested. Extent and simplicity of padding
should be increased. These changes will allow the cover to slide more
readily over padded ship superstructure projections during draping.

f. Index marks should be shown clearly on the inside and outside
of the cover to assure proper location of the cover over tb. ship
prior to draping and to facilitate actual draping.

g. Consideration should be given to varying the diameter of the
transverse cables in relation to the loads which must be supported at
specific locations.

3. Cranes/Rigging

a. The use of powered equipmen': should be extended to provid,:
maximur possible assistance to handlers aboard the ship. Optimum tie-
down points on transverse cables should be selected and correlated with
flexibility of machinery.

b. Wind criteria should be re-evaluated.

c. Consideration should be given to the design of more efficient
manual equipment for handlers aboard ship who assist in draping the cover.

d. Erection and disassembly of staging is costly. Consideration
should be given to minimizing its use. However, retention of staging on
the sides of the ship is highly desirable.

e. Complete cover installation equipment requiremeats should be
determined in advance so that the necessary inventory is at hand. Z

Encl (1), pg 2 to NAVSIIPRAN111CEIN
0B-4 NNAI.AB NP/4770 (2841 IIEA)
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Subj: ."Conents aid Suggestions to Expedite Fui-ure Ship Topside CoverJInstallatio-:s"

4. Preparation/Design

a. Mooring station enclosures

V1  Fabrication and installation-of the mooring station enclosures
is relatively expensive. The feasibility of eliainating them or re-
placing them with less costly equivalents should be explored. Perhaps
locating mooring bits on the side of the hull may be a preferred al-
ternative. The ieed for air locks .also should be reviewed.

b. Piping/tubing/hoses

Less expengive transfer lines should be utilized. For example,
in p]ac,; of custom welded pipes used as ducts for air transfer, sub-Lstitute reinforced plastic tubing which is available in various diameters.
Uniformity in shape and dimensions of ducts for a specific type service

should be sought.

c. Fire protection f
Future de -ga bhuuld pruvide fur ready ao-esi u -L.% ,

fire main from the dock to within the cover.

d. Intervals between transverse cables

The desirability of bonding transverse cabics at closer intervals,-) to the cover fabric, especially at the bow and stern, should be checked.

This could result in a decrease in diameter and weight-for individual
cables and would facilitate draping and fastening of cover.

5. Proceduxes/Cost Reduction*iL
a. Start of installation

Consideration should be given to optimum choice of where to
start and how to start installation.

b. Folding/flaking of cover

- developed.

c. Talec
Generous use should be made of dusting talc to facilitate release

of individual folds of cover from pallets. A!

EReport 28-550 El (1)- to NAVSHIPRANCF.!, 33
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Subj: "Comments aid Suggestions to Expcdite Ful ,re Ship Topside Cover LJ
Installations"

d. Installation schedule

All efforts should be made to complete cover installation and
inflation in one day.

e. Systematization of effort

Better coordination of supervision, communications, team effort,
and use of proper tools should be developed.

f. Tensioned guide lines/fairleads

Appropriate use of above should be made to minimize snagging of
cover on superstructure projections- as cover is draped.

g. Contractor use of ship

The ship should be cleared for one day before cover installation
to allow contractor to complete equipment chec1kout and miscellaneous top-
.side details.

*Some overlap with a few points listed previously. -

- -

/ LS

-i

. Encl (1', pg 4, to NAVSHlIPRANT)CENReport 28-550- B-6 ANNALAB NP/4770 (2841 HEA)
Reot2.5 - n 1, g4 oNVUP9~IE



io

APPENDIX C

LOW- AND HIGH-PRESSURE BLOWERS
OPERATING CHARACTERISTICS

Low Pressure High Pressure

Supplier's* Model No. BL 445 BI 270

HP 2 3

RPM 1080 2900
Motor, open, dripproof 3 phase, 460 volt 60 cycle

1755 rpm 1755 rpm

Belt Drive Belt A51 Belt A38

Blower performance,~inches water gage

_ _ _ _0 7000 cfm 4000 cfm

2.1 0 -

ii 6.0 0
*Supplier Buffalo Forge Co. -

U
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[ -RELATIVE HUMIDITY AND TEMPERATURE WITHIN AIR-SUPPORTED
U STRUCTURE ABOARD USS BETELGEUSE (AKr 260)

15 3ERUR 1972
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APPENDIX E

RELATIVE HUMIDITY A~ND TEMPERATURE WITHIN
AIR-SUPPORTED STRUCTUJRE ABOARD USS BETELGEUSE (AK 260)4

14 APRIL 1972
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APPENDIX F

i I j; NSRDC/A LETTER "SHIP TOPSIDE ENCAPSULATION;
PERFORMANCE OF COVER ABOARD USS BETELGEUSE (AK 260)"

Annapolis Laboratory
~ f2841i:H

4770
Work Unit 2841 512

~4 Feb 1972
From: Commander, Naval Ship Research and Development Center

To: Commander, Naval Ship Systems Command (NAVSHIPS 043)I I
Subj: Ship Topside Encapsulation; Performance of Cover Aboard

BETELGEUSE (AK-260)

U I. The cover aboard the topside of AK-260 has been designed to
withstand wind velocities up to 100 knots. The highest wind vel-
ocity to which the cover has been exposed since its installation

I L occurred on 25 January 1972, when gusts up to 46 knots were recor-
ded. Performance of the cover was observed at that date by Mr. R.
S. Egan, Code 250.4, Design Division, NAVSHIPYD PHILA, and was

LI reported during a telephone discussion held with Dr. H. E. Achilles, I _
of this laboratory, on 28 January 1972.

2. AK-260 is berthed in a general north-south direction with the
bow headed south along the east side of Pier C at the Philadelphia
Naval Base. During the period of observation prevailing direction
of the wind was from the west with intermittent shifts to the north- 4

west. Some degree of protection from the westerly winds was affor-
ded by CHANDELEUR (AV 10) which is berthed along the western side
of Pier C.

3. Under the wind impact pressure the windward side of the cover
did not move bodily as a unit. Instead a slow wave movement
developed near the stern and traveled slowly forward from one

I corrugation of the cover to the next. Magnitude of the cover
deflections was of the order of two to three feet. There was no
apparent uplift of the cover at the profile hcight, nor was any
movement evident at the extreme forward and after ends of the
cover, which have enhanced stiffness. At no did appearL coer, hic hav enance stifnes. A notime ddit apa
that the cover made contact with any interior topside superstruc-
ture projections.

A. RUFOLO

S Copy to: By direction

L NAVSHIPS 03421
NAVSEC 6101E

I NAVSHIPYD PHILA Code 250I [ IVSHIPYD PHILA 250.4

Report 28-550
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APPENDIX G I

NSRDC/A LETTER OSHIP TOPSIDE ENCAPSULATION
IF? (AK 260); ATMOSPHERE CONTROL SYJTEM AND

Li AIR LEAKAGE TEST"

I I
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DEPARVAENT OF THE NAVY
HAYAL. Sr&iri RESEARCH AND DEVELOPMEN-1 CENTER 7M EL Rr.lr

IANNAPOLIS LABORAl CRY -N/70(8JIlA

Ar~hPOLIS. MAR~YLAND 214.-2 Work Units l24-f-
and 1-2841-512-A

a 4 From: Ofie-nCag

To: Connandcr, Philadelphia Naval Shipyard (Code 260.3.1).

Subj: Ship Topside Encapsulation (AX-260); Atmosphere Control System
and Air Leakage Tests

ii Ref: (a) Type 1 Technical Manual for Rotary Type Desiccant Dehumidifiers,
Navy Size 55-505, XAVSHIPS 0938-039-7010, 15 Jan 1970

(b) Carrier Aidr Conditioning Cozpany, 1"iiandboo . for Air Conditioninug
System Design," pp. 1-14, McGraw Hill, N.Y., 1965

(c) National Weather Records Center, Environmental Data Servize,
Environmental Science Services Ad-ministration,' Working Paper
for the Revision of MIL-STD-210A to MIL-STD-210B, U. S. Navy.
p. 17, of Feb 1970

(d) NAXVSHIPYD PHILA, Solicitaticai NO0lS 1-71 -R-028C, "Air Supported
Enclos;ure for Ship Topside, Design and Manufacture of," of
21 Aug 1970, and subsequent amcrndrents thereto

(e) Technical Proposal, BIRDAIR STRUCTURES, INC.*, of 23 Sep 1970
and subsequent revisions thereto

(f) Material Inspection and Receiving Rep~ort, W,10 Contract
N00140-71-C-0lS0, 23 Nov 1971

Endl: (1) Air Leakage Flow Rate Calculations Ship Topside Encapsulation
for AX-260 (2 sheets)

1. The atmosphere control system within the air-supported structure
aboard AK-260 consists of two sub-systems, as follows:

a. Air Pressurization Sub-System: Blowers of the air pressurization

[I sub-system draw into the structure air which is maintained automatica] ].y
E at the required pressure. There are twc low pressure and two high pressureI -iblowers. One of each zating is intended for stantdby service. For wind

__ velocities below 40 k1nots, internal air pressure is maintained at 2 inches ?j water gauge. When wind velocity exceeds 40 knots, a high prcssure blower
cuts in automatically to increase the pressure to 6 inches water gauge so
that the structure can withstand the greater impact pressure caused by
high velocity winds.

H b. Air Dehumidificaition Sif*-System: The volume of air aboard AlK-260
which must be processed to a 30-3SrE relative humidity is approximately
1,700,000 cubic fact (CF). The hull intceric'r accoun-ts for 740,000 C"F
aind the enclosed topside totals some 960,000 CF. Long tcrm experience

gwith ship preseration indlicated that two size SS-505 rotary diiuiiir7*rs,M

adescribed i reference (a), were required to handle a hull interior of

Report 28-550 G-1 40
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Sboa'& 74,,. nO CF. NAVSHiPYD PIilLA Code 260.3, Air Conditioning and
Benilazio; Branch recommended the insta.-ation of three additional dc-

lihidifierb in order to hanmle the additiconal t:'psi.i;e volume of 960, 9OJ
CF. Each of the five units has an air fio-w capacity of 500 cubic feet i
per :ainute (CM), and by means of sensors maintains a relative humidity
,Ri) at 30 to 355%. Based on long term experience the Peserve Fleet
expects that once an RH of 30-35% has been attained, each dehmnidifier
in effect will operate only 50% of the time, or at half of its nominal
capacity. Each unit has a minimum rated water absorption capacity of
6.5 pounds per hour at 70*F.

2. The maximum deiand ihich the deh.mudificrs would have to meet in
the Philadelphia area occurs only occasionally during the st-er iontLs
when the air temperature and relative humidity are high. Based on cli-
matic Ia-rration included in re.erence (b", NAVSHIPYD Pl!.;Lk Code 260.3.1,
Air Conditioning and Venilation Branch, advised that undeI such ex-Arc.ely
unfavorable climatic conditions, air entering the enclosure aboard AK-260
would have a dry bulb temperature of 95OF and a reintive hu-idity of
78 percent. After entry within the structure temperaure of '&he air would
be reducee to 70OF dry bulb and its relative humidity would be decre.:sed
to 35 percent. Under these unusual conditions, maximum air flow couped
ith ra-ith ::atcr a-orption capacity of -eti' duidi-fier" Muast not ey-eeo

342 CFM in order to maintain the 55% RE. Calcuiations confirming those
made by NAVSHIPYD PHILA Code 260.5.1 are shown in enclosure (I).

3. Under less demanding clizatic conditions prevailing for the major
portion of a year, that is, lower air temperature and RH, the limiting .

effect of water absorption capacity of a dehumidiiier on its air flow
capacity would be eased, and air leakage rates greater than 342 CF4 could
be tolerated.

4. Techniczl success of the topside encapsulation concept depends on the
ability of the air blowers to maintain required internal air pressure of
2 inches water gauge and of -he dehumidifiers to maintain a 30-35% le".
Factors which determine the capacities needed in these two sub-systems
are total volume of air (1,700,000 CF), air leakage rate, and outside air
temperature and RH.

5. Climatological records identified in reference (c) indicate that wind
velocities below 40 knots would be expected for more than 97 percent of
the time at Philadelphia. Thus 2 inches water gauge air pressure within
the cover aboard .AK-260 can be regarded as the norm or reference pressure
at which air leakage rates should be measured to assess cover sealing
effectiveness.
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6. An air leakage rate of 20 CFM was selected as a target in reference
(d) as an incentive for prospective bidders to provide as air-tight ar.
enclosure as possible. Admittedly, this level was rather optizistic

i and it was acknowledged that in practice a somewhat higher rate could
be considered acceptable. BIRDAIR STRUCTURES, DXC., the eentual con-
tractor, was the only bidder who signified his intention to attain this
target level, as described in reference (e).

7. A series of tests was made aboard the encapsulated AK-260 at XAVS'I1 M D
P" iPHILA on 23 November 1971 to determine if the air leakage rate fron the
i structure was within limits acceptable to the Navy. Aun inclined manometer

was used by BIRDAIR and air calibrated anemometers were uscd by XAVSHi1iYD
[I PHILA Code 260.6.1. The inclined =oeter in this case had an eszimated

I b accuracy of perhaps + 5 percent and it generally is considered =ore reliable
i- than the anemometer.

8. Air leakage rate calculations -3y BIRDAIR were based on te follo-iz;
- equation.

Q 1096.5 CA P
A

1j, hereQ = CFi air
C = Coefficient of discharge, 0.601

A = Orifice area in square feet
P = Static air pressure in inches water gauge
- = eigh: of air, Doi-d per cubic foot

Air Teperatm 3 3 0F|
Wind Velocity 4 - 18 !mots

Results of tests at 2 inches water gauge pressure are sho% n iTable -.

Table 1

j Air Pressure Air Leakage Rate, ? 4

Inches Water Gauge BIRDAIR XAVSIIPYD PriILA

2.0 32 ''o si-ultaneous test -ade
2.0 350 5|

I1.8 390 450A

Shipyard personnel working aboard ship occasionally passed through air
locks of mooring station enclosurcs, uhich& unavoidably increased air

S "  leakage, and this was included in the above measured values.
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9. Efforus were mide to obtain accurate neasureents of leakage rates
higher than 2 inch-ts water gauge, ba-t t!ds ims not possible. Uith the
port air inlet blanked and size of the starboarZ air inlet restriced
to an orifice with a 6 inch diameter, the high pressure blowers wie
i iabie to draw in sufficient air to cou-pezisate for air lealage and c-uld
not maintain an equilibriia 6 inch inte-nal pressure. As an eiez,
the port inlet was opened so that 6 inches internal pressure could be
attained by the blowers. Then the port air inlet u_.s blanked and a
series of readings was tken as tha intenzal air pressure grad-ally
decreased in order to obtain an approxi=ate air leakage rate. Results
are shown in Table 2.

Table 2

Air Pressure Aimr Leakage Rate, C04
Inches Water Gauge BIRDAUi INAVSHIPYD ?I:LA
At Start At Ead
of Test of Test

6.2 6.0 350 405
5.9 5.8 400 460
5.6 5.45 430-
5.45 5.3 480 570

10. An additional leakage test was nade with the two high press-re and
two low pressure blowers on line nd with the po.r Zir inlet blanked.
The object was to let the internal pressure seek its on equilibri- Icvel.
At the observed eauilibrix= ressure af 4.4 inches en air leakage rate of-
640 CF-M w-as recorded by BIRDAiR and 695 M by XAVSHIPYD EUIlA. The nea-
sureaents indicated the nagnitue& of the increased air leaka ge rate st-ih

could be expected at higher pressure levels. In all cases air leakage
rates measured with the ane=neter were higher than vith the inciineo ^
naneter. Reason for. the difference has not been explained.

11. TIhe neasured air leakage rate at 2 inches water gauge averaged 350
CFM. This leakage rate can be tolerated since the air contzol systen
would be expected to maintain the 35% RH under even the rest adverse
clinatic couitims, as noted earlier in Daragraph 3. Actualy, a leakage
rate far in excess (possibly u; t" 600 CM could be tolerated under ne al
ataospheric conditions.

12. Responseof the air pressuri Aon systez to an inczease in wir.d
velocity fzca less than 40 knots to 40 knots and higher is quite rapid.
When actuated mammaily to duplicate the increase, the control sfsten raised
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L the internal. air p-ressure -,9-= 2 to 6 inches water gauge in 10 .xin-tes.
Conversely, hen the high pressure b'.ow-ers Ire-, =u, out amd the 10-eL pressure blazcer was cut in. the pressuxe doe ffoA 6- to .5 inches
water gau.e in three intes. -Pressurxe drop in this case uiidersta =-ably
is dependent on air "Leak~age.

Li 13 n viev of the test results it was reco.--nded by X.AvS!PI A
Code 260.3.1 and INAVHINIPRAMNC MWIA ,hzt the cover be acceprzed by

th Xvy I orual product qu. ity assur;-ce and acce '-=ce by .he navy
I is docxz.nted in reference ff).

?~.it is expect.ed that som. of the s=-:" leaks still rcinn bZ=e
the cover and bull will be locaeea ~ring siipor npctosb -V

HIAMI0N MAU~A~B versonmel. -Mhese leakzs iuil' be sealed and a ~cesc
air leakae rate should be achieved.

15S. XACiw--IILFXC PiliLA has advi~sed thaz iz usually receuircs aot90J %"Ys
= ~for the interilor ofc a s I's hsull to dy- "zc c A ~~u'

I system beis operation7-. A system off uea-ture and Mii sensi-rs cn~.cj j or- continuo0US autolnatiC read-out ha-.s bcc= .Inst.alled Zonr; X-20 -e
I nmeasurieants zEade to dat-:e hzve aircady paxided a jgro4 indicazion r;.

2ad highi landdity periods to cenfir perfornance at h1ese nore e:-=7-

clizati-c conditions.

NVS -, i --

INAIVShZS 0431

DZ~SIP C 0431

~AVS~iP HIIA Code 26
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SHIP TOOPSIDE E iCASULATION (A.K-260)ii AIR LEAKAGE FLOW RJAME CAILULAflOXS]

Na~4te: C.11cu.1ations we~re based on the folloving imusially adverse
arbient air conditions:

A mb ien t Air 'Ii-ihin

teaielmdte78 _ a

0

inlet air at 95*1.F
at 100'a R/ii, zass o-.2 water vapor = 17.32 risC
and 78% RI~, nass of.c water vaper = 13.51 gra-ins/CF

--ir with-in cover at 70*F
at .00' TRIN m ass of Water va:por = SAG64 grains/a

35' RIA, zass of water vapor = 2.S22 gra-ins/-CF

And tine CF air at 5Fi
equivalent to L.0 x 530 or 0.964 CF at 70OF-

Wet. redruction in. zass of Water va:)Or
x~ CF at 95F reduceZ to 70*F 113.51. grarU

-less 2.2 grains
or 0.69 grains

Ma)Cu.- air flow cap city, on.e dc =ui%-Ufier =500 CF.M
M)di~ air frloi capzcity, fivre cio.fers,

at SO5 peain aco 1, 250 Ur -a
~1 LI

)Uii watZer abSOrPtion capacityf
at 700'F/deh-iiifier 6. 5 1b. /h;-oiz

o7 45,50 grainshomm L
or 75S gami;.s/zInu.te

rezoved by five dehuidifiers =3,730 grains/zinute

Report 28-550 45G-6 End (1), pg 1,tows:-
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t- ximm air flow rate/S hiruidifiers consistent
with minimm water absorption capacity (taking
into account each CF air at 95*F is equivalent
to 0.964 CF at 70*F) is:

3,790 grain-; water
m--nue or 342 CFR
10.69 grains water
0.964 CF air

This means that under the unusually adverse ambient
• atmospheric conditions or high temperature, 9S*F,

and high relative humidity, 78%, tolerable air
H leakage also is 342 CFM

At lower aimicnt air temveratures and relative
humidities a proportionately higher air leakage

" rate could be tolerated.

Arj
i II

I

I

I[

I -I

L;

I ncl (1), :'g 2, * o N.W'.:I'VW(:2

Reproduced from

best available copy.
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APPENDIX Hi

NSRDC/A LETTER "SHIP TOPSIDE ENCAPSULATION 260);

AIR LEAKAGE TESTS, RESULTS OF"
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DEPARTMENT OF THE NAVY ANNAPOLIS LABCRATORY
D M CANNAPOLIS, MD 21432

NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER! ;; :¥;=;.CARDEROC % LASOPHATGRY
A HEADQUARTERS BETHESDA, MD 20034

' . ' BETHESDA. MARYLAND 2D034 IN REPLY REFER TO:

Annapolis Laboracory

2841:HEA
4770
Work Unit 2841-512

S7 4 nv97

From: Commander, Naval Ship Research and Development Center
To: Commander, Naval Ship Systems Command (NAVSHIPS 043)

Subj: Ship Topside Encapsulation Project (AK-260); Air Leakage Test,
results of

Ref: (a) NSRDC ltr NP/4770 (2841:hEA) Work Units 1-2841-511-A and
1-2841-512-A, "Ship Topside Encapsulation (A-K-260); Aumos-
phere Control System and Air Leakage Tests," of 7 Jan 1972

(b) NSRDC ltr Annapolis Laboratory 2341:HEA 4770 Work Unit
2841-512, "Ship Topside Encapsulation Project (AK-260) Air
Leakage Test, request for," of 6 Oct 1972

Encl: (1) USS BETELGEUSE (AK,260), Air Leakage Tests

1. Tests made aboard USS BETELGEUSE (AK-260) on 23 November 1971, one
month after the topside cover had been installed, indicated that the
rate of air leakage from within the cover was %ithin limits acceptable
to the Navy, as described in reference (a). A second series of tests
to check the air-tightness of the cover after one year's operation
appeared timely and was requested in reference (b).

2. The current tests were made on 26 October 1S?72 by personnel of the
Design Division, NAVSHIPYD PHILA using a calibrated anemometer, The port
air inlet was sealed shut and a 12 inch diameter orifice was superimposed
on the starboard air inlet. One low pressure Elower operated continuously

L throughout the tests, and air pressure within the cover was held at a con-
stant 2.2 inches rater gauge. Passage by persornel through the air lock
was not permitted prior to or during the tests so that the system could

t attain and maintain equilibrium. Results are tabulated in enclosure (1).

3. Current results are compared below with those obtained originally
with the same type test instrument. Aa

Air Leakage Rate

Date of Tests CR4

23 Nov 1971 385
26 Oct 1972 288

io
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4770
Work LUit 2S41-512

4. The significantly lower air leakage rate observed in the current tests
is attributable to at least two factors. Since December 1971 persorel of
INACTSHIPFAC PHILk have eliminated a numoer of leaks which had not been
located previously. Also during the original tests shipyard personnel
working aboard ship occasionally passed through air locks of mooring sta-
tion enclosures, which unavoidably increased air leakage. In the current
tests passage through the locks was not permitted. In addition, it is
possible that during the past 11 months the slightly higher pressure of
the air within the cover has seated the sealing flap of the cover more
firmly against the ship's hull and has effected a tighter closure.

S. Air leakage could be reduced even further by patching two small series
of pinhole perforations extending in a straight line along the warp direc--
tion of the cover fabric. These are located on the staxboard side, viz:

a. Bow, at atout frame 20, between No. 2 and No. 3 transverse cables,
9 panels up from tottom.

b. Above aft gun tub, 8 panels up.

It is recommended that these perforations be patched before the onset of
winter weather and that a coat of Hypalon paint be applied on the outside
of the patched area.

6. While standing inside the air locks of the two amidships mooripg station
enclosures, observers in the current tests could hear the hiss of air passing
through small leaks into the lock. Elimination of these leaks would help
decrease the load on the dehumidificati(i machines. However, this does not
appear critical, because the machines now are operating at less than SO per-
cent of the time which is within requirements of practices observed by
INACTSHIPFAC.

7. Results obtained with the pro.totype installation indicate that leakage
of air from an air-supported structure sealed to the topsides of a ship can
be maintained readily within limits acceptable to the Navy and that the air
within the structuze can be held at the de-ired low relative hamidity in
order "o minimize corrosion of topside components.

Copy to:
NAVSHIPS 03421
NAVSHIPS 043
NAvs-zIps 0431 A. RtTFOLO
NAvsEc 6.oIE B ~ o
NAVSHIPYD PHIIA Code 250.2
NAVSHIPYD PHIiA Code 26.3 -

INACTSIIIPFAC PHIIA

Report 28-550 H-2
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USS BETELGEUSE (PK-260-i
AIR LEAKAGE TESTS

Date of Tests 26 Oct 1972
I Test Equipment Calibrated Anemometer (Taylor Instrunent Co.)

Location ef Ane moeter Continuous Scan Over Orifice During Test

Orifice Diamete. 12 Inches 2I Area 0.785 sq. ft.
Air Pressure Within Cover 2.2 Inches water &=We 3
Test Length 60 Seconds 3

Time Air Temp Wind Velocity Air Velocity Air Velocity
Hours of Knots ft/min, CPX

1130 so 0-8 41S 326
1134 50 0-8 400 314
Start 58 0-2 400 314
1320 58 0-2 385 302

58 0-2 35S 379
58 0-2 325 2S5
58 0-2 325 255

1340 58 0-2 330 259

Average - 367 288

Observers J. Jones Code 260,$ U)
F. Pappas Code 260.5 NAVSIIPV

:E. Ott ib_ Code 260.S J ILA
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I: BIRDM1 STRUCTURES. NC
AIR SUPPORTED STRUCTURES

July 10, 1972

Dr. H. E. Achilles
Code 2841

F Naval Ship iResearch & Development Center
Annapolis, Miaryland 21402

Dear Harold:

this letter confirms our discussions of last Friday regarding pinhole
porosity in the shipcover envelope. This porosity beca--e evident to your
personnel when lines of light approximately 12=" long in the warp direction
appeared in the skin in several areas on the end sections.

I have discussed this at length with Walter Bird and we do not
believe that this is a serious preblm as the defect itself is thought to be
due to ei;:her one or both of the following conditions:

1. A skip or streak, resulting in a thinner cross section in the warp directir n
(direction of processing). This would result in a thin coating in this area

- which could result in some breaks when put under load.

2. A small fold or crease in the fabric which would result in excessive crirsp
or local distortion of the fill yarns, which was covered by the coating and
was not apparent during inspection. Whe load was applied across this area,
a.%ter installation, the crinped yarns would straighten out, resulting in a
higher than normal stretch along the fold. This stretch could cause small
breaks in the coating that would then appear as a line when viewed against
the bright sky.

It is cost likely that the problem is due to the latter condition.

Smal creases or excessive distortion of the fill yarn can occur as it is
difficult to tension the fabric out in the fill direction during coating. As
you may recall, the end sections of the enclosure were fabricated from the
6 oz., 2 x 2 basket weave material which proved to be mre difficult to coat.
Consecuently, we switched to an 8.5 oz. plain weave nylon. Because of its

-_ tighter construction, this material was easier to coat and we obtained a higher
percentage of quality goods. This later material was used in the center
sections of the envelope where no problemi has been reported.

t

- "-
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Dr. H. E. Achilles -Page 2- July 10, 1972

Based on the above, we believe the problem being encountered is due J
to small irperfections in the 6 oz. coated fabric used in the end secticas
thich were not picked up in either our vendor's or our own inspection. To help
avoid such problems in the future, we believe a tighter weave fabric, such as
was used on the center sections, should be specified. This type of defect
should also be spelled out more fully so that the supplier could be held
responsible for developing methods to better control this condition.

Wie believe that by patching the areas you have done the best possible
reair; however, we do not believe that the envelope is in any danger as a
result of this porosity as the break in the coating would not adversely affect
the strength and as loads in the fill direction, which would be across the
break, are very low. It is anticipated that any areas wh1ere this condition
exists will oecome more evident as a result of continuous exposure, particularly
during the hot sui-er months, and suggest that repairs be postponed until late
su er or early fall so that all necessary repairs could be made simultaneously
vfith minimum trouble and expense. Once these initial repairs are made, it is
not likely that this condition would show up agai- to any great extent.

Please advise if you require any further information.

trdyours,

Jo E. Be.rnacki,

Pterials Engineer

bts

] 2 0
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~NSRDC/A LETTER -SHIP TOPSIDE ENCAPSULATION

PROGRAM (AK 260); REVISION OF NAVAL SHIPS TECHNICAL
r- MANUAL, CHAPTER 9030, READINESS AND CARE OF VESSELS

IN INACTIVE STATUS; BELOW DECKS EQUIPMENT
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DEPARiTWENT Of 1a:AVYA24io. IAWMY0S
-. ~~~ -r)PI~ ~~ 214*2

tzAVPt Z4iI *ESEli AND DEVELG?MEZG CEr4TEk

MAIA f% 2Sl fl

-tif JO
Work Unit 2841-512

FcL:Co an-der, Naval Ship- Research and Development- Cnter
.Z.: Coz7_idner, Naval Ship Systems Co_-and (X.AVfSII?S 043)

&. j: Ship Toc)sid3 Encapsulation Program I(A:7-26o); Reiision of Xaval
Shis Tchncal~inual. Chapter 9030, "Readiness and Care of

Vessels in inactive Sta~tus," below decks equipment

Re f: (al Naval 3hips Tec.:nical X-nual, chapter 9V,"Readiness

and Care o-f Vessels in !.--active Sta
(b) k4illitary Specification 'IL-C-16i73,, 1---venz cutback Cold-

Application Corrosion Preventive"
L c)Naval Ship R-asearch and D-eveomaent Center Annapolis Lzebora-

tory Rteport S-3S7 of 13 '1y1970, "Lo~i Tenperature Vaper
Space Corrosion Inh;W,,ed Szc=- Turbine Oil, Evaluati-on o:'2

()Naval Shin -Researcn ane. Deweloprenz Catei: AnnpollisLa~nr
tory IR.-ort 5-.3E9 of -30 October 197CJ, "Labc Te~pcratue, ao
S~ace 6-:icni -nhibitei Steam Tur-bine Oil; Er%.atio of"l

(e" Y)JI lita-y Speci ficatim. I-L2'260, "Lbricating Oil, internal
5.,.tao i-gie, Preservativ"

i-) Naa Shp Tedm-ica Nanul Cht 9412, l iese] Eno ines"

Ez c : (11Rc~ne Revisions for NavalShips Technzical ~a u--a , -:Zhap er
9030. %-Rez4iness and Cara o-f Yessell in Inactive Seryice,"t
Below .)ecks Eqpzipmenz 'S sheet;a)

(2) Recaoznded Revisions for I Sh124i a Technical nuaChapter
94*12, 'Tiesei1 Engines," Belcw Decks Equipment (2 sheet=-s) =

1. Bases far naxin-ng the potential of the tctal concept of - _ip 1c.side
encapsulation were ezphasi:e.1d &rria- presentaticns, met Au",t 1971
bo-fore CAV -ii S a nd 63~S.?SC by rrentzvsOf the Nzal Ship

a ieseard. and! Developnezz C'ei'rer, Aknnapolis Laborazory_ 7he total canxept
incueed citenssive rervisions of reference f.,). intent of the -eislo:ns
would be to allowc eauiperaod a naval shin scheduled for ilmctivation
oy the encapsulation przocess, to -ztaii LD an "as is- Condition to the

=aXLiaa exteat.

2. Allowing a ship to rxezin essenzially in aes is" conditicm would

a. Air debuzidified to a relative n~idity of 30 to 35pexceztis by
Lt itself 2n effectiyz .meetin

Rport 28-550 J-1 5
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i.The conplicated and relatively costly bzck-up solvent Cutback
corrosion prcvent-ive systez of equipnzent preservarion should be rep'laced.

c. 4odern and =are cast-e-fafctov preservation methods are available
a-ad should be used to naintain the required preservation back-up sys ten.

3-. During ai conference held On 6 March 1972, N.AVSHIPS 043 establishied
reviscd Priorities for several ph-ases of the subject progr.=. Top priority

a-a asined to developing reco~neziazions for reising reference, (a) by
.i -i;n theus co solve.-t cutba c r co sio preventive jide-ntified in

reference (b)) for preservation ofbelow~ decks nachinery and related
eouipent by either conv-,entional or topside enc.-sulation neldiods. T1his
r57hase of the p.-ogran. is the subJect of the preseit coc-rni Caio012

4i. Ex.azr.7es of minimizin- t he use ox? solvent cutback cc5 osion prevrentive,
are as fol 1oas.

a. Aun izqyrec =ethod of r serrv ng turbine oil lubritcating systems
including parifiers wouald entail the use :f 'Vao: Space CoLroJL,e lniibting
S-cex. Tiurine Oil ijiichn Las dzycloped at this e tras indicatez ian refer-
ences Cc) and (d). A p--oap-sed MiiaySpecificition -For '- h 'e '

I,!=--icating WOIl te=:- Tu-rbine, Va-=-r Space Irh..ie'(VSl24-15.3-) ha s
beer, circularized I.y NAVSEC throughouWt inadustzy :!or cacoznt. The czwzr.ntz
are being incor-porated into a final draft of&: the s=ecification ic is to
be siubmitted for a-kproval to the Xaval Ship Spec x fi cation Review B~oard.
Two co=-ercial souices of supply of the poc:alrzeady are available.

b. use or a weseratiive 'lubricting oil id-mtified im refterence ( e
s'hould- be exnazaed to inzcl'de its a-ralication to coceraze speed as well 2s
to high sge dec nes, and also to other lubictn oil sywstems or
belou dacks cq-:iprnt siiif as p=ns and cG iress:)rs, idbere the applicaticM
of soivent cutback corro-sion preve-ntive should be disco .i=n-ed.

S. Sigui-Ficant adatgswould be realizred by usiuZ proven reevtv
lularicants-

a. Aplicaticon. 2:4d patcl rc en21, OA this clas--s or. zxrc.,cts
is sizv,1er and less cost lv t:-a,= for : olvenz cutack corr-uson p-zrenties.

b. ecogaizedZard to perse-n=el a-d e~up soitedwih e
zppliczzion of cuetbc ack co-zsion w.reeentive wu~ld be elinnatd.

Eand ~g resevati lbr-icating o.ils invzlves inizal hzrs

c. Unziit costs of VSI2l-,-TZ? 2nd vpresarrative lutbricatzimm oils are
aZPrxindately ace-:1alf tha.-t of- solvemi cztback corrosico preventi--s.

Rep~ort 28-550 3-2
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:1,31 d. P.-ebevative lubricating oils are -fully operational lubricants.
If a ship were rezctivated, the V ~bicating oil systens of equipznmt
iwwld be filly operational, %Ciich coUd be significant in a nationalj I I energency-

e. The individual preservative lu57ricating oils are readily drained
~ ii 4fr= libricating oil syste2ns - Traces of the Products rezzining ii systezs

are hoilly coapatible with their operating 1;ricatimg oil cm-terparts.

O. perat enalron'eas attrbutunle to inronpete renoval o.. solvent
reactivation woulr be eliminated.

6. Recoz ndntim-s and c ns rega"?rdig re-a:.1on or rezerinscc (a) "Ac
liste%& in -enclosuie in). iLif~ zan i;tes are :-dentifie. by nanuali page

aApaxs raphim~ies and ~ypaagrapn titles. - arallel 2VCCU=MdatoS

and co~wmts for ciLesel cmngines are shmm. in encloszire (2), =-and 2pply
only to Sectio 131, ttomrrosiou ?raaio, f reference ()

1 7.It is likely !.-hat even sore effr'icient netiods to preserve n.cnhnry
- Of nal s---Iz)s C.- be, F or e~sazle, :hc use of Yol.-rile carra-

s Gn Wl) wuld ffer .--- nmriach. ?ackages oJE XV canic be
placed with-1na nachize~v ui~ts. jThe ctrledrelease cf cor-zosion &"

~ iting -%-.-rs over extended periods w,.Pid be expeate. to assure excel -
lent presezvatio of j12ez Alb,7a ozy p~o&ran to investigate the

applicability of ICI for this p=rpose iuould sec= wa-ranzed-

=be to:

XVA33IS 0-321

XAYS 6ME1

'3-- 2-5M -



NAVAL SHIPS rrGNICAL VAXIML

OL4PTE 9030L

READINESS kU- CARE OF VESSELS 1N WACTIVE SERVICE

RZMEDBD REVIS IaS FOR BE LOX MaC EQLJIPYflCT

Page 4, Par. 24. 6C - IACTIVATION (P&ASE- BRAVO).

Mid Sentence:I 9ise of solvent cutback .carrosion p-reventive -for interior
corrodible surfaces exposed to delnzddified air should be dis-
continued.-

?age 33, Par. 155.2 -RaI)VAL (OF SOLVENiT CUrMC S,CG&SOiPEhTV)

Retain par-agrrapm in orCer to prov&ide in-struction for ships xhich
hare been ureserv-e-d hits solvent cutback corrosion preven-tivye.

Pag.e 6.Par. 160.2 -AP?LIC'ZTZ MI1LE-

1. AdAd nrec first sentmence as for Par. 24.6C abocve.
2. 'iA'eet sente:4ce:

,!rade 2 only shall be used foxz fl-in .. roghke-
Cation systerns."-

3. Delete voros-

~--itcrir ad---" ion ari ct first sentence.

Page 36, Par. 161 - UCATIOX, TO PIPIN A QiD I ZS.

Use of sol icut cutback correSio~n prevent ire for tis eauinment
s-<ald be iiscomtined it sh=Ul be rc-placed by Vncsr Snace
Inhibited Stea= Turbine Oil (VSI2!SO'-hP) or by MSIL-L-21260.

~ oeraL~al ubicatsuser in indiidl imiU.
Precaton as e -ere to emsure that all interalP surfaces
of com=zonts are Uet initially by the p-reservfative lubricant.-

Page 363,ar 162 -APPICATION -7- DIESELDGDE

-t1. Retain par-at ith its -ACereamce to 1-avnal Shn ±6crznical
-m~aal, Canter S-1.l2, "Dilesel Eatgin-es." It is understoad that

reiims to Chapter 9412 are in preparatio.

2. Additional commts on Capter 9412 a re ShNaXm in en!-,closr (2).

Rsport 23-550.4 (I,;I f
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__ Page 41, Par. 183 -TANKS, FUEL OIL. DIESEL FUEL- GASOLINE, ALCOHOL, AND
UIBRICATING OIL, AND THEIR CONTEN117S.II! .a. Reis to shonius e of metal conditioning compound I

i-] or thin film rust preventive c.pound, grade 2.

b. Include a statement that all tanks should be protected
by dehumidified-iir except as may be otherwise required

Safor-tanks of ships under RAD custody which are berthedIin locations where electrical power supply may be inadequate i
to provide necessary dehumidified air.

2. Sub-paragraph 3.

Delete the words, "gas free" after the word, "qualified."
I

Page 95, Par. 187 - TURBINES, :MAL9 PROPULSION AI AUXILIARY STEAM, RECI-
i PROCUTING STE ENGINES, AND REDUCTION GE.ARS.

I. General. I

a. Replace grade 2 coxpourd with V3I2190TEP lubricating oil--r presc-ing it-erior surfaces of lubricating o1 systcs JIo? turbines and rzduction gears. I

b. I. is understood that reciprocating steam engines now -re i

preserved only with dehuidified air. Continue this prrcticc.
i t.2. Sub-paragraph 2.I 2.Delet-- paragraph.

Ii
i

Ii

Delete first sen-ence.

Page 45, Par. 188 - DIESEL AND GASOLIE ENGINES.

L Include a direct reference to Cnhter 9412.

Plage 46, Par. 189 - PROPELLERS AD ' l PROPULSION SHIATING.

Line 18:

Revise, ".l--corrosive propellers,' to read, "Non-corrodiblepropellers ."

En Cltfl, pg. 2 off ,XAV3, 1I11RXXDa'.S Report 28-550 J-5 A tALAB ltr 2841:HEA 4770 ?Xoz
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Page 60, Par. 193 - DISTILLING PLANTS AND REFRIGERATING PLANTS.

Discontinue use of solvent cutback corrosion preventive because
dehumidified air is an adequate corrosion preventive.

Page 60, Par. 194 - AIR COMPRESSORS.

1. Discontinue use of solvent cutback corrosion preventive.

2. Preserve with a product meeting MIL-L-21260. Note that
precautions must be observed to ensure that all internal
surfaces of components are wet initially by the preservative
lubricant.

Page 60, Par. 195 - PURIFIERS.

1. For purifiers of lubricating oil systems other than for
turbires:

a. Discontinue use of solvent cutback corrosion preventive.

b. P:eserve with a product meeting MIL-L-21260. Note that
precautions must be observed to ensure that all internal
surfaces of components are wet initially by the preservative
1'ibricant. i

2. For purifiers of turbine oil lubricating systems:

a. As for la above.

b. P-eserve with VS2190TEP.

c. Include a note stating that prcducts meeting MIL-L-21260
a-e likely to contain sulfonatcs and theretore must not
be used in turbine oil lubricating systems.

Page 61, Par. 196 - HEATERS, OIL AND WATER.

Discontinue use of solvent cutback corrosion preventive because
dehumidified air is an adequate corrosion preventive.

Page 61, Par. 197 - PUMPS.

Discontinue use of solvent cutback corrosion preventive and prcserve
with dehumidified air alone. if dehuoidified air is a satisfactory

preservative for pumps described in Par. 98 - STEA PROPULSION PLA,
it should be equally effective for subject PUMPS.

Encl (1), pg. 3, of NAVSIIIRANDCE N
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LJ
Page 66, Par. 200.2 - ELECTRONIC EQUIPMEFT - RADIO, RADAR, INFRARED AND

COUNTERIEASURES.

Revise second sentence:

"Replace corrodible hardware with non-corrodible material
where practical."

S Page 71, Par. 203 - HYDRAULIC SYSTEMS.

1. General:

, ) a. Retain sub-raragraph 4.

b. Revise remai._ng sub-paragraphs.

A LA c. Replace the words, "hydraulic oil," with "hydraulic fluid,"
because the word, "oil," in this connection is a misnomer.

I Shipboard hydraulic fluids currently include four compo-
~ L.si--ional classes of fluids as fc.llows:

V (1) -Waterbase fluids -meeting Military Specifications
I L: MIL-I1-55S9A and MIL-H-2207 .C

1 (2) Phosphate Ester fluids meeting Military Specification
MIL-H-19457B.

' ,(3) Petroleum base fluids meeting Military Specifications
MIL-H-5606, MIL-L-17331, ai.d MIL-L-17672.

1 (4) Silicone fluids meeting Military Specification
r) MIL-S-81087.

Ncne of the above classes is co-patible with the others.
Teir admixture must be avoided under all circumstances.

2. Discontinue use of solvent cutback corrosion preventive for
inactivation.

3. For classes (1) and (2) above:

a. Circulate the operational fluids through the systems until
L the discharge is free of particulate matter and any traces

of water.

b. Drain the fluids from the systems.

Encl (1), pg. 4, of NAVSHtPRAXDCEN
ANNALAB ltr 2841:iEA 4770 Work
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* t c. Replace with fresh charges of the appropriate opera-
tional fluids.

4. For systems requiring products meeting Military Specifica-
tion MIL-L-17331:

a. As for 3a and 3b above.

b. Note that as soon as the specification for VSI2190TEP
is issued,'this product should replace MIL-L-17331 as a
preservative fluid in surface ship systems where MIL-L-17331
is currently used.

5. For systems requiring products meeting Military Specification
MIL-H-5606:

a. As for 3a and 3b above.

b. Preserve systems with products meeting Military Specifi-
cation MIL-H-6083C. This product i:, fully operational
for a limited time.

6. For systems requiring products meet-ng Military Specification
MIL-L- 17672:

a. A; for 3a, 3b, and 3c above.

b. Ncte that as soon as products meeting Military Specification
MIL-H-24430 are available,- they should be used as the pre-
servative fluid in the subject .;ystems.

Page 72, Par. 206.7a - MINESWEEPING GEAR - ALL T.PES.

For gear to be stored in a dehumidified air zone:

Disccntinue the use of solvent cut'ack corrosion preventive,
because pieservation by dehumidified air alone should be satisfactory.

Page 74, Par. 215 - GALLEY GEAR AND EQUIPMNT.

As for Par. 206.7a.

Page 86, Par. 252 - INSPECTION OF EXTERIOR SURFACES,

Discontinue the use of solvent cutback corrosion preventive for
surfaces of equipment located within a dehumidified air zone.

Page 87, Par. 253 - DEHUMIDIFICATION.

Sentence No. 2: With regard to, "erratic or excessive operation -

Encl (1), pg. 5, of NAVS:JIP:RA\)CENX
Report 28-550 J-8 ANNALAB ltr 2841:HEA 4770 Work
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of the dehumidification machines--,":

Add a note that malfunctioning of the relative humidity sensors
also may be responsible for erratic or excessive operation, and

- that the sensors should be checked for operational integrity.

Page 93, Par. 321 - LUBRICATING SYSTEMS OF AUXILIARY TURBINES.

[I Pr-serve zwxiliary turbine lubricating .ystems the same as for
lubricating systems of main propulsion turbines. Refer to Par. 187.

Page 93, Par 322 - AUXILIARY STEAM SYSTEM (150 PSI).

- Expand the current procedure which is restricted solely to removalof solvent cutback corrosion preventives to include a parallel pro-- cedure applicable to systems preserved solely with dehumidified
air.

Page 94, Par. 323 - AUXILIARY STEAM SYSTEM AND AUXILIARY EXHAUST SYSTEM
(600 PSI).

As for Par. 322.

I Page 94, Par. 324 - 'MAIN STEAM PIPING.i
As for Par. 322.

Page 95, Par. 327 - CONDENSATE AND FEED SYSTEMS - MIXING OF CLEANING SOLrlONi
AND IMEiODS OF SAMPLING.

Retain paragraph as long as there are ships having above systems

preserved with solvent cutback corrosion preventive.

Page 96, Par. 328 - CONDENSERS AND THE CONDENSATE AND AIR-EJECTING PIPING
SYSTEM (NO. 1 ENGINE ROOM).

S1. As for Par. 322.

2. Add procedures for cleaning and returning those systems which
have been preserved solely by dehumidified air.

Page 97, Par. 329 - CONDENSERS AND THE CONDENSATE AND AIR-EJECTING PIPING
SYSTEM (NO. 2 ENGINE RCOM).

As for Par. 328.| Page 97, Par. 330 - FLUSHING CONDENSERS, CONDENSATE AND AIR-EJECTING PIPING
I. SYSTEMS ( NO. 1 AND NO. 2 ENGINE ROOMS).

As for Par. 328.

Encl (I), pg. 6, of XAVY!:iIPRX;DCEN
ANNALJB 1tr 2841:HEA 4770 Work~Report 28-550 --850J-9 Unit 2841-512
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Page 97, Par. 331 - DEAERATING FEED TANK AND THEf. FEED PIPING SYSTEM

(NO. 1 FIRE AND ENGINE RO0%S).

As for Par. 328.

Page 98, Par. 332 - DFEAERATING FEED TANK AND THE FEED PIPING SYSTEM
(NO. 2 FIRJ AND ENGINE ROOMS).

As for Par. 328.

Page 98, Par. 333 - FEED PIPING SYSTEM CROSSOVER LINES.

As for Par. 328.

Page 98, Par. 334 - FLUSHING THE DEAERATING FEED TANKS AND THE FEED
PIPING SYSTEMS (NO. 1 AND NO. 2 FIRE AND ENGINE ROOMS).

As for Par. 328.

Page 98, Par. 33-5 - RECIPROCATING STEAM ENGINES.

As for Par. 322.

Pane 99, Par. 337 - EVAPORATORS WITH STEEL SHELLS ONLY.

As for Par. 322.

Page 99, Par. 338 - TURBO-GENERATORS.

Revise as for Par. 321.2 to Par. 321.5.

Page 99, Par. 340 - DIESEL ENGINE LUBRICATING OJL SYSTEM.

1. Delete present paragraph.

2. Refer to reactivation procedures fcr thesr systems which are
'escribed in Naval Ships Technical Manual, Chapter 9412,
'Dliesel Engines."

Page 100, Par. 342 - BOILER SUPERHEATER AND ECOIONMIZ5R.

As for Par. 322.

Page 100, Par. 343 - ATOMIZERS AiD BRANCH TUBING.

As for Par. 322.

Encl (1., pg. 7, of NAVq1IPRAXDCEN--
ANXALAB ltr 2S41:iFA. 4770 Work

Jeport 28-550 j-10 Unit No. 2841-512 i



I _

Page 100, Par. 344 - LUBRICATION SYSTEMS OF MAIN PPOPULSION SYSTEMS
L, WITH REDUCTION GEARS.

Expand the turrent procedure which is restricted s3lely to
systems preserved with solvent cutback corrosion preventive,
to include also those preserved 4ith ?SI2190TEP.

I i! Page 103, Par 345 - ACTIVATION OF GASOLINE SYST S.

1. Sub-paragraph 345.1.C.

After the words, "Remove seals and--," insert the words,
Ilkhere applicable." This acknowledges the more recent

practice of preserving the systems solely by dehumidified
air.

2. Sub-paragraph 345.2 - Inert Gas Pritective System.

lulJ
Reword first sentence as follows:

.H ''"Wheie it has been applied, remove preservative froz valves
and lines in the inert gas system.'

" 3. Sub-iaragraph 345.3 - Gasoline Filling Stations.

Rewoid first sentence as fo"lows:

"here it has been applied, remove preservative from valves."

4. Sub-paragraph 345.4 - Degaussing .ups.

a. iscontinue application of preservative to equipment
vhich is to be located in a dehumidified air zone.

b. ] or pumps Which. have been preserved with solvent cutback
corrosion preventive:

Insert the words, "here applied," after the word,
'preservative."

1 65
Encl (1), pg. 8, of NA\%S1!iPKX;DCE!
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NAVAL SHIPS TECHNICAL MKA

CHAPTER 9412

DIESEL ENGINE-S

RELFMNDED REVISIONS FOR BELOW ")ECKS I ITS

1. General Ccment

Previous use of Military Specification MIL-C-16173, Copotmd,
Corrosion Preventive, Solvent-Cutback, Cold Application," should

be noted. Also, for diesel engines preserved with this material,
-current methods for returning the engines should be continued.

2. Paragraph 9412 115

Treatment for Preservation of Diesel Engines by Motoring.

Sub-paragraph :(a): Revise to read, "1MIL-L-21260, Type 1.
Grade 30, for all fluid systems and
internal surfaces of zcderate and high
speed diesel engines.

Sub-paragraph j:: Delete the parenthetical sentence, "Do
not use grade 2 preservative in injection
puzps or nozzles."

3. Paragraph 9412 116

Treatment for Laying Up Diesel Engines Ifnen otoring Is Not Possible.

Revise the par,-graph to replace all references to the use of solvenz

cutback corr.osion preventive as a preservative with the use of MIL-L-21260,

Type I, Grade 30, for this purpose.

4. Paragraph 9412.117

Precautions

Revise the paragraph in its entirety to reflect the use only of

14L-L-21260, Type 1, Grade 30, as a preservative. Delete sub-paragraphs
(4) and (5).

Encl (2), pg. 1, of
XAVSHIPRX\NDW AIWALAB ltr
2841 J1.A 4770 Work Unit No.
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S. Paragraph 9412.118

SStarting Diesel Engines After Preservation With Compounds.

a. The current procedure for returning an engine which has been
preserved with solvent cutback corrosion preventive should be continued.

t I A second procedure. applicable to engines preserved with MIL-L-21260
12 should be prepared.

b. Sub-paragraph 3: Concentration of the cleanIng solution has been
. omitted.

Insert "" before the word "percent" in the

i H first sentence.

-i :

I I

|-- 67
L Encl (2), g2, of

~~2841:1-M, 4770 Work Unit N O.
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- eEARTMEXT OFT., -AV

.. AVALMPRESEARCH"SEAU%5D :.PTRA -z-%=

r~ k-.770

~o~: co-Z.nder. Naval sli Resezarch W.cidevi~n
To: Co =-ander, Nava1 Shi-:. Svste~s C07- OxxvSI--sG 4,3

C of XFia"a S7.3-s Tec ncal Eai1Chte90, a Z~es
and Care ofa Vessels in Inactive Statu~s'. topSIGdes 0of

-encap-sulat.ei s!...ps

28'1?.ZA4770 Work U.-dt -724-12 hi c
j ~c~su~ationProgram (A-E ) evisOz.. O=

N av a Shies 961Ga. .nta C~e
SReadciness and Care oE Vessel'7s In -actve S tazs.
be1iw decks edatedI 9 u.17

%1) aav-1 S is zechz a Xal, Chzmter 19030,

Read~iness and Cae of 'Vessels -z laative
I Status"~ daze-d Sep 19S7

Cut-hac~ -

I - (d) aLGIIn Research andC 2ocz ete
I ~i~-or ~prtS-S37 of 13 y1973, "Low

Te -rature Savoa$ace Cr~ix aiie
St.e4Ln Tar b i e Oi I; Bva---io of"

(e) INavi Spi z arch and eebrn C:t A.oi
Lahoratory Repa-ort P.- 5 9 o-f --- Oc'-oizr .97D,
"Lcri Te ..7-rat-lre, 'h1=-Or 3St cz corzosla=

Inter~al - U-

z Encl: (1) ecde Revisions for Na,;al Shi..:L?s
r Sanua]l, Chaierl 90'30, -Ralz-rn:ss an neof

Naval ShIn-1s in ±nacz"ive Sta-,--ts, LOPsines CZ
.ShIns PreSer-Ve- &.i%.! air--sL. -Izted szzucziires.

j1. Reference (a) in;Clnd-es reco zandat--ons orrevisions o:
reference (b) -witn- respect to below-decks ecu,=.--zt of hn
preserved eiAthe= bY the onventi.On:..,. o-- too3Side erczu Ziii-ods Additiol reco--epndations -or reiin : refre:-ce

( b).% in order to Incor-,orate =mzome foi~n rctcsz Z.

tcipsides of shi s pareserved with air-sup-ported covers, are t-he
Su~bject Of t!"iS report.

69
Report 28-550
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Annapolis laboratory

4770
W~ork Unit U23-52

2.-Te general intent_ of the revisios is to permit et~n

postio in tlede .iife air Zone Within the topside
air-s uported cover, to re~i in ail, " as-ism, conditi-%..on to
the =axim= exAtEnt Posible, as exn-laized inreference (a;-
zXalples of topside equipment whchno loanger would 'have to
;)e remrover: and stoied be'-ad decks in m aife spaces or
elsew4here for a ship preserved with a to:uiside cover, world
i ic'!ude winon _.nstallatioas and auxilitar: conzrols, g-%ns
and gun directors, other selected ordnance eq-"-pinnt ,and

axx oter opsde cupren itens identified in ?aracgrz,?a
9030.34. ~O~A~,ao reference fb). Considerablet~

a"d labor such~ as iden ti-fI:cati-:on o-f stowzed Sezz,secf ;
t-op-side location f~rom Vhich the gear vas removed, and C in
=e,1i1red entries in the ships' Current S.-.is r-,- -n-~a~

Project (CS;-2) f-Ile, ativation list, ame. stoweage plan wou%;-%=
be eliirated. in additi-on to the foregoing, -It no l.ozgez
would be necessary to cLose =ary topside openin-gs suca aLs
the Stack, vents, venrtitiJU-Mon ducts, etc. , and to raz.
topside electriAcal outlet-S posAIti&ozad z24r th cover.

3.. dvantages of elUiz -azincM tZte use 01! solVent cutbackc
corrosizop purelirentive, ziden-C Lzzed in refezence ic), as a bzac-
up preaservative in dea idfe i oe n elacig i
with proven presearvative lIbricating oil's also are dezai
izA refEerence (a).

4. it s houl 1d be noted t-h at in thI-Iis repoit etie reco=_za7da-
tions have been zade for modificati"on of current zrreserat_;oon
procedures aplicable only to tonside aq- =ant uncder the coc_-
nizance of the Naval S.1411.s Systers Co_=a7c. it 'Is reco=5ende~d

c-arcurrent -areservat;.on procedures for ton:s ice_ eCu;i:_rentz
urader the coani;zance of other co~arnds srch a s YGIV 12 -Ac
NAVORD be revievad by cognmizant. persozznel to detezniae -L-J
connarable revisi:ons can be ztade.

S. Reco=enGdatio'-ns and co ants cocrigrevisi-ons of ~~rn.
(b) are given in enclosure (I). individual ites are deni-ied

*by zanual page and paragraph- nu:;ers, and by paragraph tAiz-es-

Copy to:
?WVMAT 03L V

ISHIPS 034121 A io
NAVSHIPS 04
MVSHIP 04131 ~ ici
MAsEC 6101E

NAVSEC 6101?
N~vsEc 61063

Report 28-550 X-2
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Iw iDE O nL~ S.=?SzZ: Ici~. -cA=Z9

:?&S 4,J 2ar.) 2J.. - -7M 721W21 B1.A.....JZ *

of~ 4,ves asr 24-m zoC IVld0 e(?aiASZt 3iaAV

fi-ue as Shall25e gzapedZ1.a

b. Revi.se the cursrt st- e-ze ace agra n th

tnatQZ i " CabLes exposee. reserved Zy

ofCa covers, a

aj pzace z-1-i= tzse ir

- '.~ ~re~ s s z eza -e e

!age 5, 2ar. 24 B 01(~S ~O cC'D

I -2. Neiv sl.b-pa~agrzzih b

'F~or sh.-i-s Pne-served w4t. a tc-,;e .

cover, tos..e equizeitzs arnc fXix--ixes psliozea

a. ~a~iyas Szb-pizragrzp 101c

b . R~evise as zoiioiws: ?For shzips preserved by other
* -than topside air-supported covers wn ei~~. ic a

rema4.s above deck ShAAII be paeckaged (se-e arti. cle
9030.100) oz preserimd as Datof the h;"I

Istrucvare as appl.icabzIl.
L

MMc1(1). PS Ig, of

~-~r 985502841: ?. 4770 Work Unit NZo

28-550~-~~~ ~~~-~ --



c. Add two new sent-eaces at end of paragrap~h:

'The pzecedi=g ins trctioa does not apply
to above deck ecihetitch will be locat.eZ
in thb= m"-'u aztfed aIr zone witii-m the air-
supported cover of a ship. in hj case top--

side ecuInent renain7s in-L place to the =.~a~t

b. Adteflo-rgNt
iz..s naracranh annaies Gfil 4%o4

bw-en nreservead by means otiher -. ,IL supported covers.

tesecticn= to L...esa~s ..resz -wied with=
wve aneandeirale- ccrd- lv, ainor or--

reVisions ina~n to those spezi..

I t w_ wwicmayzbe =er.e

rFor z reser-vea --z - -S

the -- inxter'or and zlae sae
strczvzezontittea sin4.ge zone. T:he nnbe andr

sizes czt t-e .filersZ user; what d= ~l OZ

voluzae of ihe singic Lezo;ne.-

2.Add a eSbPnr~2 i rsuia$nsyste=

2,o f

23SR 40 5127Uni

Report 2850K.7 -4
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LIIiFLI

"The air-supported structure aboard the topside of
a ship is inflated at an- air nessure slightly above

Zthat of the outside air. Blowers draw outside air
into a plenm where -t is filItered and then discharged Z

I - into the deahc=f:- i e: air zone. Air pressure within
jt the structure can be maintained at the required level S

either by automatic or manua] controls mrno.nted on
a panel board. The air pressurization system zy
consist of a single stage or mulitple stages. -t
relatively hign wind veloc-Ities, the high pressure
bl wers are cut in automatically zo raise te i.terna.
pressure for g;reater stiffening and hence to permit -

the structure to more readily withstand the increased
wind inspect pressure.'

U Page 8, Par. 79 - DISTRIBUTiON O Z.-I T A4t

Add the foll.oWing note;

No~a Ior -"-;D prseredwit- air-supported

s-uctures: Topside package:; are noz needed =ori equi. me;nt*- positioned . -e de h ' i d i f i e d al r z o n e

within an sppr ed air-supported stcue."

* Page 10, Par. 93 - IOATiOX OP D -DEiCA2iON XACXES

j Add a new second sub-paragraph:

"For ships preserved with tonsid air-suaported structurcs
all D/H machines shall be positioned at convenienz loca-
tions on the main deck within th.e structure where theyILcan be serviced readily.'

I age 10, Par. 94 - CO.0_,TC-L OF DIiiCA2i0N YAC--TES

First Sub-paxagraph t

7he current Paracraph is concerned solely W"':
preservation by the conventional method. An ccu.va-
lent paragraph applicable to preservation zy to?-
side'encapsulation should be added. Revision of
the standard DIE diagrams applicable to ships
preserved with topside air-cuppor-ted struct-=es
should be checked by the cognizant NAVSEC code
with x.2AVS9,ID PHII.A. Code 260.3 which designed
the integrated single zone arraxngement for
USS BE-TELGEUSE (AX-260).

Bnc(1), Fg 3, of
NAVSIIPWDC-, AN-AD JA5

5K-5 7 241:I-A 4770 Work Un:t
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,,;-ond Sub-paragraph

T he present paragraph i-s concern~ed solely witiiL pre-
servation by the corventional method. A suggest;-ed
paragraph applicable tf-o ships with topside covers:
"An clap sed-tinae indicat~or shall be installed on each al
P/li machine. Nhe' indicator a.nd D/11 maachi-ne cozntr--ol
switches Ui:1 parallel with the hunaidistats) are t
b~e lccated at" a convenientC position witi andC close
to th-.e entrance of the topside structur e to -fac.it4-ate
operability checks".

Page 10, Par.. 95 - CLOSING r,,.H SZ-11

1. Sub-paragraph 5

a. Prefix the currernt paragraph with the phzase:
"In t"he case of a ship preserved by th]Le co.i-
ventional methAod---"

b. Add another paragraph: ".For ships preservcL
with a topside air-s-4ppor~ked struczure, e;x.-.usz
pipes venti tion openin-gs, .safaty valve
pipes, t6ank vents, drain pipes, voiLce CubcUS, C tc.
aad the inner and outer s tack openings'ic
lead to and open into a -topside structure ileca
not be closed. This excludes vents a-Ad ove,:il.1ow

lines for -fuel, diesel, anid JP-5 tanks w'-'.
contain oil or are empty -and 1have notL been
cLeaned. In addition, all other ope nings lead-
inig from within the sltruc cure to- th-ae outs ide
atmosphere must be closed.

2. Sub-paragraph 7

Prefi:c the current paragraph with the phlrase: Z

"In the case of ships preserve~d by the conven-
tional method---."

3, Insert a new sub-paragraph 8

"For ships preserved wlith topside air-supported
structure, spaces with,.n the interior of the
hull and the air-supported structure for 1 ' one
large integrated zone. In this case to t"-1a~
leakage is the sum-r of air losses froma the hull
interior, and from witILIin the stLructure. The
effectL-iveness of the topside structure for ship,
preservation is largely depende-t on maintaining
an air-tight seal between the sealing flap of

'Encl (1), pg 4, o A
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testruct.ure and th*'-e ship. Rafte Of a-.
frozi the D/-i zone must not exceed the rata at
Iwn-hch dry mAke-uz) air can za supplied by the
D/Hi machiAnes. / machA-ines are ex--pected to
operate at esthan 50 ipercent* of the ti. me.

1: t"he D/H machni.es operate for more than.
5%; Parcant 0of th&e time, accuracy Of t- e
relative humidity sensors should be c*Anec~ied,
a search for air leak-s Irmwitlhin. th-,4e cove z
s*-ould be made, and appozaecrezv
aLction- shou.Ld Abe e% ri.-D cor IA.v
the foregoing co~totL.e DFli-. machines ca;-

F ;S*IPPly a mIaX~rimUm Vo2.ume Of 4300 CU'i fC e :12 1

should otexcead =.i. :!~. :owever, in :aczice

F_ safety factor of about 23 percent L
zaintained so thA-,at-* :c 'izec. l.ean:age
rate should not exceed 323 cubic -feet p,:z minute.

'irLeakage testL-s abjoar shi1z ih op-
Side -:&,nre~S ctrs a be 2erformek.
wiith a calibrareaan_ omite o. cecmom
.by 4 ieasuring ai-zr foi raite at one air in.;k-. -e Co:..e aiAr ressuriAZatio, n. systeCm. A1. otht.Ir J

* :Aake ozea- -s should be c!losed uriei a a:
leakage measur-ements are bei -g m,,ade. -.,.ass:~

.f the air within tnc Stcur want.e l~c
tests are made, srnould b.Bha which is mi- -

*a.Lned f~or wind velocitlas Delow 30 knots, .:

maay be oz tL-he order of tw.o in chles water ue
j?ressure dependling on thne design and reem~_*_.":. t!;
t fA t:hie indi vidual struc*%.*re. I-f zi7e ts sows
eoxcessive leakage, conzi~iue to search for and

eliminate l.eaks until a :;altisfactory test i E
Obtained.

4. R erumber- currentiC suba-pazacre :ph 3. sub-para5=&p*.- 5

Page 11, Par. 95 - CLOSING T;-IE SIHIP (CG0N 2D)

5 . Add a new sub-paragraph- 10 be:aaibecopy.v

a. Additional orocedures annicable to s*,iz-s
preserved with air-sunmorted str-uczures LL re

requirdt re-pair leaks due to perforation; of

IIthe cover itse"f or tio separati-on of Lhe cover
froi heshiD to which it has, been sealIed ' 'k-A

presuresensitive tape. Such "Leaks ;-.us$- be

na 5, o f
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repaired pro.-ptly on disoey not only to
prevent'E loss of -dehiz-aidif-ied air from withi
the -cover, but also to prevent further danrage
to t#-ie cover assembly. .2Xaintenance kits con-
taining supplies of all materials required to
muake repairs tIo the cover are available at th4e

j loc-al INACMSHTI?)'AC facility. In each case
repairs must be made using .. aterials equivalan t
to or bet.-ter than those originally used by
the3 contractor. I

b. *Perforations through tAecvrsh.db

cov.ered with patches obse-ring all details of'
procedures described iz the , inas trI-Uc t io anua'prove by an ctac tor whohs *riae

tha cover. A copy' of the instruc-tion manual isA
on hand at the local INAIZT11PFAC facility."1

c. Wh*--re th&e sealing flap of the structure has
se:arat-ed along its inte-f ace with .,he ship
Zz~sh pressuare sensitive t.pe sealant or ad-
hesive should be appl~ied along th.e lengthb of
th separation to the. shAIip'I s half.E of th inter-

f-ace. The sealing flap of the structure iLs
4."t-ed over the adhes-'ve a~id nressure is

ap.?lied tL-o assure zilrnt adh.-sion of the .eLin
-l-tote ship. one form of pressure sens'-

tive tape -:s paper-backed in a roll, and is
applied zeadily. Usually Dne li-ne of adhesive,
along the sealing flap incerf ace with t.he ship,
is adequate. in any case pressure sensitive
t-ape equivalent to that originally applied

Ndaring installati-on of the structuare must
used.

Page 15, Par. 100 - PACKAGING

Sub-paragraph 1, General..

I.~J ei hefrst sentence -o read as fllows:

"Equipm.ent which is subject to deteriorat'>
which is inA-stalled on thne weather ddcks (.
located outside a topside air-supported struczuze)
and dannot be efzfeci-ivelv preserved byuse of
paint and/or ot-her- Drote:tive coatings, is to be
protected aboard ship w4. chin a Ametal pacakage or
stored aboard ship in a D/H zone, or removed fromi
the ship (see ar-ticle 9030.24.10).

Report 28-550 K8EnclU), pg, 676 K8NZ-vsI'IPriVDcBX .,"t% 3 1it Z
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..O 0 PACKAG =%G (CONIT'D)

2. sub-paragraph 1, lne 2:

Insert, after the word, "dedics," the phrase,
~or outside a topside air-sapported structuze."

Page 18 S ~TINI

UAnew Paxt IV sh-ould: be inserte -af-ter paragraph 313
o.f a rt, 111 as folIlows:'

2,h art, IV AIR PRL-*Z*Z;. I0.. 1N SYS 12.XVS ZNS?-.... 4 . . jLXAD

Part IV a--)lies on'y to ships p.reserved with a

topside air-supported struct .re (porit
nubrs s-ou:d be assigned' te inaw.Qa:

paragraphs identi-Lfied below.)

-iNSPECTIONS

1. 1inspecti-on Schedu'le. After Lrac',:.va--ior. (or z&- ez.
any prolonged perio%- w~re e az~r bowezs -Lave '-eer.
inoperative) inzsec.ions of Z3ll componerits Of Z.-.

systemn are to be made on t-he followig schcaula

I (see Not-e )

a. Imm-edi.a tely after zhe D/H and air pressuri.,io
I ystems lhave been ernergi-&zed and checkedz foz

proper performance

JO. JZ.t the end of tahe :stweek

C. At te en-.d o-f te tid week

d. At the en~d of- th'-e fifth wf-k isee .Note 2;

Iie. At the end o f the tefhweek

I~f. Every three' months thaereaf ter.

Note 1. Thes insecton frequerac.es are auu..Ori, ZeC
Jr ~~only after security, watertigh ntc.i"Hand weathertight integrity (including Zi

tesing and sealing) zequ~remments of L'o
ships 'have been Ships. whi&-c*ILh itv, -.o'-
completed ship tight-ness recuiLremc~nts, :aze
to be inspected ato least. once a Amontn-..

1- Ed (1, ~g7, of-
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Note 2. If, the air press uri zat-ica syster.m Is
Uric -.ioning pDro erly Z4_ ;:his i:i

spections may be :pu.t oa q uartryz±s
:E-: naif un ct io:-.in g ofA t-h e s ys tea is obDserved,,
Corrective act1-ion s!h Io uLd be t-aken and in-
spectlons conducted evezy two week'-s ni
desir-ed conditions are achieved, at;C whlc..
timue inspection~s car. revert to zae qUarteZLy
basis.

2. During the routize inspectiAons, the followinLg -;l
be perforned:

a.OPer-atL_.on o0: the co~eeair ?esr.at.o
syst-em sI-all 1 e noted. Air pressure w-ti ze
cover- shall be chec.Ked f-!cr ':.n,_ication of nor.-
compliance with requirements.

b. Bou-.iz.ie Preventi~ve z~aitinnce for the ins tri=umen-
tation and machinery cornzo:ne:n.-s of the air -'ressur-:.-
zation syst,-em-s shnall be accomlisheda reue.

Par. -AIR PRESSUIRIZATION SYSTEX OPERABILITYi C~ECX

1. Equipment operability checks are to be conducted
on a monthly basis except that they should be com-
bined wit-h the routine inspectLions when th,&-e ti'mes
for thAese -two irnspections coincide. 'These checks
can ba conducted simu.taneousl1y with4 those for D/1-1
machine operabLA"ity (see arti-:cle 9030.112.

2. Specific ope-rability ch-eck%-s to be conducted are:

a. Pae Boar.

Instrumen'tation anda conz.rols shall be choc;cj'.
for ready response to c;naanqes in w_-na veloci-ty
and to effect appropriate changes in the press-,re

o. h i i ji h ocr. So:te Panel ;.oaras
m~ay be ecjuip)ted to p~.s.-au ct.of ofths
changes bDy maloperation oa: controls. Other
boards ma- reauire dilfferent -manipulat.-.on to
iimulate these changes.

%AVSiiIPPA2TDCEN -LAB~ 1t
2'04l1i2-"A 4770 Work Unit'- ZZo
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~ Air Intake Ducti;g

-The ducting shall be checked for evidence
. I of abrasion, perforation, and integrity of

connections.

c. Blower Motors and Fans

UResponse of the low and high pressure blower
motors and fans to manual operation of panel

board controls shall be checked.

d. Fan Drives

Bielt drives shall be checked for evidence of
excessive belt wear, and for irproper tension
and fit of belts. Direct and gear drive

i mechanisms shall be che :ed for excessive v-bra-
Uion and noise, raisaiig.x.-ent, coupling adjst-
iaent, and for othner evidence of 7.alfunctioning.

e. Air Discharge Shutters

nThe shutters shall be ccked for free movei.ent
.n response -to changes 11- pressure of incor.ang
air.

! f. Filters

1ilters shall be checked for evidence of
clogging and damage.

Par. - AIR PRIESSURIZATbON SYST-1 - -NA NC! SXTNDAdDS

1. Maintenance work on cozponents of air pressurization
2 system shall be required as a result of faulty per-
U formance which may be attributable to any of the

following:

1 a. Malfunctioning of instrumentation and controls
m.ounted on the panel -board.

b. Damage tc. or poor connections associated wizh

the intake air duczing.

c. Malfunctioning of air blower motors.

Encl(1), pg 9, of
NAVS11IPANDCEN ANNAIX3 1r
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d. Malfunctioning of air blower fans.

e. Excessive wear or poor tensioning of fan

belts

f. Faulty operation of the air discharge shutters

g. Clogging cf air filters

2. Corretctive work should be accomplished as soon
as the need for same is determined. The success-
ful preservation of ships by means of the air-
supported cover concept requires a capability to
prov-.de a continuous supply of pressurized air
adequate to support the cover at the required
pres;ure.

a. Panel Board

Instrumentation and controls should provide
ready response t-3 changes in wind velocity
'hich require rapid changes in the pressure
of the air -within the cover. These changes
can be simulated by manual operation-of
controls. The contractor who has fabricatcd
the cover shall supply instruction manuals
uhich include all details of the instrumen-
tation and controls on tha panel board. The
local INACTSHIPFAC faciliy will have on
hand copies of the manuals.

b. Air Intake Ducting

Repairs should be made as required

c. Blower Motors

Maintenance should be conducted as directed
in the instruction manual

d. Blower Fans

Maintenance should be conducted as directed
in the instruction manual

Encl(l), pg 10, of
NAVSHIPRANDCEN ANNALAB itr
2841:HEA 4770 Work Unit No.
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e. Pan Belts

Pan belts shouid be replaced if evidence of
-xcessive wear is noted. Belt tension should
be adjusted as required.

f. Air Discharge Shutters

Free mov ment- o the shttter in order t
respnd to changes in blower air pressure,

mure e aovemed. ofrian thtshinodber topie

g.Air riltezis

The filters should be cleaned peri6dicaliy
as required.miim

conistnt itha~euat se~irty ndmaintenance,

category.

Page 18

A newd Part V should be inserted after the last para-A
graph of new Part IV as follows:

I Part V ropsIDE AIR-SUPPORTED STRUCTURE INSPECTION
I:AND %2&INTLENNCE STANDARDS;

Part V applies only to ships preserved withi to.p-

para.grapahs i dentified below)

j L Par. -INSPECIZIO'NS

~I .1. irnspsecti on Schedul e
After- inactivationa (or after any peziod when thieI'air pressurizazion system has been inoperative) inspec-
tions of all port%-ions off the structure assenably

I --
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II

are to be ...... , .ol.owing s-edue ...... ..

a. I=mediately after the D/H and air pressuri-
zation systems have been energized and checked
for proper performance

b. At the end of the first week

c. At the end of the th&ird -.eek

d. At the end of -he fiffth reek see Note 2)

e. At the ed of the twelfth week

f. Quarterly thereafter

Note 1. These cover inspection frequencies are
authorized only after security, water-
tight integrity, and weathertight integ-
rity (including a-:r pressurizatio.nd
sealing) requirements for the ships have
been met.

Note 2. If the air-supportee suructure system is
functioning pzoperly at this n -, -
specti.ons may be pu- on a quarterly
basis. if =aIf'unczion-ng of the svstem
is observed, corrective action should
be ta'ken and inspections conducted every
two weeks until desired conditions are
obtained , at which time inspections
car revert to the quarterly basis.

2. Durir.g the routine inspections of the cover
system, the following shall he performed:

a. Weere applicable, the transverse reinforcin;
cables should be checked to make certain tha-
they remain fastened securely to the pad-eyes
%elded to tne ship's hull end for evidence
cf rusting or other decradation.

b. Whe:e applicable, the catenary cable system
along the edge of the cover and extending
around the ship should be checked to make
certain that the nuts fastening the cable
clips to the studs on the ship's hull are
tight, and to detect other evidence of
malfunctioning.

Encl(!), p- 12, of
NAVSU"IRAXDC2: , .-X NALA"
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CO ."~e exterior of the structuire should be checked
I-for tevidence of abrasion or wearing away o f

the protective paint, for evidence of punczures
or rips in the cover material., o r o f r u-D c,%Ire

or parting of the bondin-,g between adjacent
L.panels, or fAor ot-her signs of malIfunctioning.

d. Boot and shr-oud- asse~blies fastened arounc.
mats, king posts, or other topside unit-s

v, hichn project th-rough -%he structureD should
I:-- checked for evidences of wa, punctures

I -or rips, failure of bond~.ng, or other signs
Ii of malfunctioning.

-e. ~the i4nter-Ior o-2 th.e structue shou~ld be
checked f~or evidence of p.inholes or other
Perforations (see Note 1) , or of contact
writh topside projecti;ons (see Note 2).

Noote 1. Pinholes or perforations in testructure can
be detected most read.Ilv -from.iti the cover
by the daylight shi.4ning througha thema.

Note 2. ContIact between the cover and topside pro-
A ections within the cover is not ant-4c iazed.
However, this ceck should be made in th-e
event the air -oress-dre wi thin the structCure
has fallen below min ium requirements, or
because of unusual.Ly highl velocity wind gusts.

If. The integrity of t.e- seal between the se ai,:.n g2
jflap of the cover and the shin -oo.er shoul.d

-be checked. Thle twvo surf.ices are Joined by
weans of a str.I-a of an adhesive mastic.

Lg. Operation oil the airlock' closure mechanisms
arnd, where fittZed, of the press-are relief
valves ofc the entrance an& exit%_ closures of£ Lthe entrance a:-d exit closures of th'e cover,
should be checked. Leakage of air through
these comn&onents a.nd along the interface
between the enclosures and t1.he ship proper

should be checked.

Encl(l), pg 13 , o -
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Par. - A-SUPPOPSID STRUwcTUIRF OPZRA3:LIZY MCK.

1. Operability checks should be conducted at the
same time that operability checks of the air

pressurization system are =ad& (see article
9030.

Par. - MAI TENAUM SM-Os
1. Topside cover system m n tenance work shall be

required as follows:

a. Onere the previous coat of protective paint
has worn away, apply a fresh coat of the
paint previously used. The local 1NACTSHIPTAC
facility will have on hand a supply of the
paint.

b. Perforation or rips on the cover boots, or
shrouds sho-Uld be .-repaired prouitly, follaing
all details of the procedure described in tht
instruction nanual provided by the contractor
who fabricated the cover. The local iNACTSHIPAC
facility will have on hand a copy of the manual.

c. Mtnere the sealing flap of zhe cover has
pulled away from the ship proper, remove
the exposed reznants of pressure sensitive
tape adhe-ive from the flap and ship,, and
press th, _wo surfaces together fir.ly. The
tape adhesive is non-volatile and non-hardening,
and meets reauirere.nus of 4ilitary Specification
4MIL-C-IS969B, Type 2, Class B, :Calking Com-
po.unds, Metal Seam and Wood Seam" (see Note 1).
be- tape _is available in a paper-backed roll
fcrm and is readily ann1ied. The local
INACTSHIPPAC facility will have on hand a o
supply of the tape.

d. Necessary repairs shall be made to entrance
and exit enclosures of- the cover in order to
assure satisfactory operation of the air-lock.
closure mechanisms and the pressure relief
.valves. Openings causing the leakage of air
through these components and along the interface
between the enclosures and the ship proper
should be sealed.'

zncl(l), pg 14, of V
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Note 1. Alt-ough the pressure sensitive tape
a6hesive is c)assified generally as non-ha ng it is ant to harden over anhardeni.g, f - J
extended period, perhaps five years.
For this reason, strength of the sealbetween the sealing flap of the air-

- ssuppopoed structare and the ship proper
should be cecie;d at random locationsI

zat yearly intervals After the second
year subsequent to installation of the
structure. If there is evidence that
the sealant has hardened so as to imoalr
the effectiveness of the -seal, another
application of the pressure sensitive
tape within the line of the previous
application, should he made.

2. Corrective work to repar _the cover of the structure
should be conducted as soon as tlhe need for sameI is deterined. The successful preservation of
ships by eans of topside air-supported structures
depend.s largely upon :aintaining the cover free
from defects which permit Use relative h_.Lidiv
of the internal air to rise above the maimum
permissible limit.

3. Specific procedures are to be placed in effect
- to reduce entering the shins to the barest

minimum consistent with adequate security and
maintenance, except those-.in a disposal, acti-
vation or special category.

Page 1, Par. L5v_ - REmOVAL (OF SO VE ,1A CBACK CO.iOSIOx
PREVENTIVE)

ietain para.;ranh i;n order to provide instr-uction f~or
hand~ng ships which have been preserved with solvent cut.ackI corraion preventive.L
Page 34, Par. 158 - FLUSHING PROPERTIES (OF SOLVENT CUBACX

CORROS ION PREVBNI2VE)

IL
%e current paragraph is applicable only to ships

Presev:ed by the conventional metnod and should be retain ca
Sto prcvide instruction for ships which are to be preserved y

[ the calventional aethod. A note should "e added stating that
I for sk.ps preserved with air-supported structures, this para-
I graph applies only to equipment exposed to the weather.

Encl(1), pg 15, ofI - --Report 28-550 K-i? 2£412Y-7284i:!:Z 477(.' o k Un t X



Par. 160 -APPLICABLX G:,CA)E

Sub-paragraphn 1

a. Add new f-irst sentence:

"Use of solvent,; cutback corrosion
preventi've should be -discontinued for' the
fo.Llowing situation-s:

(1) For ships preserved by teconventional
method: for interior corrodible sur-
faces-exposed to dehumidified air.

(2) For ships preserved by tcoside air-
support.6ed structures: Zor- a.11 corrodible
surfaces exp)osed to d-ehu1mi'difi':ed air
either within the hull or within the
t-ops-ide cover."

b. D ielete sent.enace:

uGrade 2 o.-.l! sha.. be used for fuhn
tlhroug'h luzbri-:cati%.on systems"

2. Sub-paragraph 2

Delete words:

a~irt.er-io. and --- , from current. first-
sentence.

Page 36', Par. 161 - APPLICAION TO ?IPIN-G JLXD GFEARS

Use of solvent cutbhack corrosion Dreventive sh~ou1 d be
discontinued for the ecui~nmn which is localted in dehumidified
air zones. It should be replaced by Vapor Space Inlhibi-!ted
Stea-m Turbine Oil (VS12190O'PE), raAferences (d) and (e), or
by MAUL-L-21260, reference (f) de-;endent en oDe r a 4 i on al c omn -,

ponents used in individual. units. Preca-zt4-ons must be
observed tc ensure thaz all internal surfIaces of comnonents
are wet initially by the preservati.-:ve lubr-icant, as indicated
on page 1 of enclosure(1) of refference (a).

Encl(1), Pg 16, of=
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~ IPage 37 Par. 175 -SIDES ABOVE WATER, DECKS, AND UPI?2R
I WOXMKS, STEEL

1. Svb-parag.raph 2c

ii Add a sentence:

'Application of bit~inous eifulsion is not re-

vquired for deck areas posi.tioned in the dehumid-

fied air zone within a topside air-supported cover.

2. Sub-paragraph 2e

Replace the word, "witJ , by t-h-e WOrGA, w_%tA_

in the fifh 1~e.

3. Sub-paragraph 3. StutrlExpans::on. jo A.nts.

It is.- recom= ended that -.he cogni-zant 1NAVSEC code
Aamiliar withl the details of stutrlex:_ans:o.-
joit constratLo bzd A nc-.-&1AUal classes
Of st-ips review th.-ue paragrap-h to dete.-a-.ine teneed
f-or reviSions applic-:nbJ~ to snips Dreserved with_-

topside air-supported structu.1res. Seemaincy, -.
those exnans.-on -oint-s nositixned i7n a dehun-ir.i-
fied a4&r zone wit"hin a toPsid2 &Jir-su-??or La -

structure co2.Id be lezz J- an. as is" conci~tion
suibje ct to such maintezance as would be recuirea:
to ccntinue themn in op>eratiJng condi&tion.

Page .,Par. 17c' - LASS, SAURS, BOO.XS, :R.XS BOAT DxATS,
RIGG7XG, LZFE _;LXDS STA---IN

1. Paragraph 2. Wire Rope

a. Sub-paragraph 2a

I in the fis et-erce aft _r the word, 'locazion',
insert the words, "---incLud:&ng wiz unin a
topside, air--suapported. sitr- cuure,

11 b. Sub-paragraph 2c.

I-Insert a new sub-paragraph 2c:Z

x~vsi~p?~~c~, . 3 tr
281 1iA4770 1.0or-c U nit ~o.
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*All '.h ~ as #been in W~e al
to the waat!her but is posi&tio,-edA in the dejhu-midi-
-fied-air zone within a topside air- supported

ting condition.

c. Current sub-paragraph 2c

lReidentify as sub-paragr.pii 26d

d. Current sub-paragraph 2d

(1) Reidentify as sub-paragraph 2a

(2) Add the following sentences at the
end ol th-&e sub-paracraph;

"Sheaves and .insftom &x.iits and crzanes
which are positioned in the dehumidified
air zone within a tc.Dside air-supported
structure, .'ieed not he-re-moved for
stowage below decks but shoul.d be given
maintenance as needed to continue tAeia
.n an operating condition."

Page 40, Par. 17a - MASTS, SPARS, BOOM4S, CRUNES,. BOAT DIAVIWS,
RIGGIN, LIFE LINES, AND STACHIONS (CGNA'D) f

Sub-parac;,raph 3

Insert a new second 7entence: I
"Portable lifeline stanchions and lifelines" positioned
in the dchumiudified air zone within a .topside air-
supporte. structure, should remain in place and be given
maintena. ce as needed to continue them in an operating
conditionI ]

Page 40, Par. 179 -CORDAGE

Sub-paragraph 1 1

Reword to read as follows:

"The ship's full allowance of manila. hemp, sisa". and

other rope and small stuff, except mooring lines
necessary to secure the ship in its berthing area,
shall be stowed in a dehumidified space, either below I
decks or in the dehumidified air zone within a
topside. air-supported structure."

En4c, (l) , pg 18, Of
NAVSI{IPRANDCBEN, ANN,'%LAB, lt
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Page 40, Par. 180 - ANCHOS, X'M)S, A CHAIN LOCKERS

Sub-paragraph 3

Dolete the last se:ntence and replace with:
"Chain lockers o2 surface sh ips preserved by I

U .either the conventional or topside air-supported I
structure methods shall be sealed and preserved
by dynsamic, forced draft dehumidification."

Page 40, Par. 181 - SHIPS', BOATS, LIPE FLOA2S, AND
FLOATE. Z-TS

L1 !. Sub-paragraph 2

a. Insert at the beginning of the paragraph.
j the phrase:

. e"or ships preserved by the conventional I
b. Insert the following bafore the current

Ulast sentence:
a or ships preserved with. topside air-

I supported structures, metal lifeboats
may be stowed on deck in an upright
position. Engines, if installed, shall I
remain in place." j

I2. Sub-paragraph 3

L I} Add a new last sentence: I

"For ships preserved with "opside air-supported
structures, life floats caa be stowed on deck
within the structure."

3. Sub-paragraph 4

Rewrite as follows:

"Floater nets shall be stowed in a dehumidified
space, either below decks or within a topside~air-supported structure. They should be hung

up if space is available."

Encl(l), pg 19, of.
NAVSHIPRA.NDCEN, AN.ALAB, . -.
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Sub-pare.

Understar.ag of the current sub-paragraph
could be improved by cha-ging either the word
"stowage" to "stowages" or the word "are' to

Page 55, Par. 192 - 2X COR ENGINES, STERING ENGINE-S, CAPSTANS,
ELEVATOR MACHINERY, HOISTS, CABLE REEL -

XCEMINRY, G6TZ RAM2 i2MAiiI ERY, CRiLNZ
IMAMINERY, DAVIT W-'CHSS, DEB- WIXNCHS,
AD RUDDERS.

1. SuS-paragraph 3 -7-.h es, electrically ""-vez.

It should be noted that curreat instructicns
apply to ships preserved by the conventioanal
me-hod. For ships pareserved with topside ai.r-
supported st-r-uctUres, the following instructions
should apply:

l winches positioned the dehunidified air
zcnae of a topside air-supporte.d structure shall
be continued in first class operating condition
and shall remain in place. Gear boxes- shall be
preserved with Vapor Space ibited Stea.
TU:Jbine Oil (VSI2190GTEP) references (d) and
(e,, eliinrating use of solvent cutback corrosion
preirentive. in all cases precautions must be
observed that all internal surfaces are wet
initially by the preservative lubricant."

2. Sub-paragraph 5

Reword as follows:

"X-1 other machinery withil. the machinery platform
on pedestal type cranes abcve the weather decks
of ships preserved by the conventional method o:.j Z A. I
outside the cover of ships preserved with topside
air-supported structures, must be preserved az
though exposed to the weather, using the accepted fl
preservation procedure for the item involved."

Encl(l), pg 20, of .
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LI age 61# Par. 198 - ZCTRICAL- ~ -"

Sa. Prefix the currat- th d sentence with:

U =For ships preserved by the convenr-ionai

b. insert a new -_-th sentence:

US

Ii 4

aFor sh6,s Preserved with topside air-
~suppozted structures, new replacement

equipment shMall. be installed."
2. Sub-paragrap 3a, Details o preservation

iU

a Inse new second and third sentences:

I '  "Use of solvent cutback corrosion pDreventive
r shoulrd be discoptinued w herever possible. Its

use in deh- dified air spaces should be elimi-

n alted." Then follow wit E- se ntIe nc e s,

-' . evise ahe fth r senteace to read:

a

"osipsde motors locae t .- ide an ir-I

Hii

supported structure or otherwise eosed
_s to weather conditions hail be removed Iad

II

b. Add new final sentence: t

Topside ostors located in a deumidifcatio

zone within a tooside air-supported stu ure,
shall r cma i t in place.A below~-prara in6emiifedsa

LRewrite as w fillows:

"For ring-lubricated sleeve bearings, drain the oil

from bearings and reservoirs. 2lush Cie beariLngs
and reservo ir with VSi29TFeP p tied i
reference (d) and (e), taking care to ensure hat
the preservative lubricating oil cos into contac

IEncl(1), pg 21, of
NAVSHIPRP.DOEN, AL3,
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~th all co.-zodible sirzf aces of the shaft.--L and
siearxngs. The preservative 1iabricatina oil
shall be introduced careffully (avoid splashing
on the insr-ation of the machine) into the
inspection hole in the top of the beazing until
the oil in the lubricati-on system attains its -

wrmal - level.,

~.Sub-paragraph 64.

Rewrite as follou. -3:

"For forced feed bearings, drain the. lubricating
oil system, and replace with VS12190TEP in
accordance with article 9030.161a

6. Sub-paragraph on

Rewrite as follows:

OAPPlY- VSI21907-E2. to shafts and couplings 7
making certain th-xat al I1 interza. surfaces are
wet initially with the -Dreservative 3Lubr4&zatinA-jg
Oil. However, A-o p-resezrvazve lubricating oi43
shall be used inside the m~tor nousing, exccept
as require%- by -paragraph CJ) below.

7. Sub-paragrzaph 6j i

Revise first sentence as follows:

Reolace- the current wrs, I*-solvent cutback *~

corrosion- preventive-, m with '- VS -121907Z

8. Sub -paragraph 7, Controlle~zs

Rewrrite second sentence as fo12.ows:

*K-.ere install31ed in a dehuriidifi.ed space, nZo
addit.ional preservaia easures are rqie .

9. Sub-paragraph 9, Search-LIt 1
Add a note stating that, "Searchlights positi-on.ed '
within a topside air-supported structure s%.l relaira =Ln
in place'

Encl~l), pg 22, of L
NaVSI?.R;QMC , NVAL
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1.0. Sub-paragraph 1.2, ?.axzdz pZ-A= S Z-OZ edectli.-

.vzplace the words, ~-rast preventive co;:4o;;adjL.the paragraph.

IL1.Sub-paragrapne" 13b. .".9hti.-g Fix-tres
Add a sentence:

u =2orable .ight fit;res located within a lop-

place'

2age 64, ?;Pr. 199 IS~RI0R C031 ;N 1. ICZOi IIRZ CO)X~2
- A~) YRO COMPASS Z u-MAMST

a. Prefix the first sentence with the Phrase:
M"For shilos -Dreserved by'the cnctoa

zethod -

Ib. laIser-, a new tlnixd sea-.eace:

"Suerpower reproducers positioned wti
u the cover o-f a topside air-suppozzed

__ st.-ucv.re shall remaina in place.'-

2.Sub-paragraph 6,*. Swit*chIes, t.elephaone jacoes,
and. oth~-er fittings

Add a new final sex-tence:

O~bove items when located: in a dehtnidif~ied
airzon wihina tonsi de air-sup-pored szrutczire,

reizain in place and recUire- no supplenentary
installation o.f&' ducting.

,Li
3. Sub-parAgraph 7. Gy-roconpzass equip--ent, dead

reckzoning equipm.ent, self-
u synchronous alidade equip-j went,. and pelorus st.ands.

-nc:1-(l) , pg 23, of
NAVS?~ANCE~,?.~%It:
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CI. Item a (5)

Replace the words, -solvent cutback
corrosion preventive, grade 11, with
OVSI2l-901-cPO

b. Ite= b (4)

As for Ite= a (5) above

c. Item d

As for Xtezz c (5) above

2age 73, Par. 2102 - F.AQIW'2-MC OmPASS AM- p-ion-uS zQ-uI?2-z-,

1. Siub-paragraph I

Delete the secand seztence. itis recG~zzef ha
the use of solvent cutback corrosion preventive :3e
diScoatinUed for Pci~ent stored in a deh-,.ii:fried

axzoae.

Sub-p 3ragraph 2

Delete the last senitence -for te- saze reasora describe..
in su-b-paragraph I aboove

3. Sub-p.iragraph 3

As for sub-paragrapih 2 above

Page 76, Pqr. 224 - WHS7LZS A=D SIIM .S

1. Current paragraph - imnnzbred

a. ruuberz pragrath .1

b. refix paragraph~ wi=- the phrase:

For shipnS preserved by tI~e conventi-onau
iiehod

2. Add a new paragra 2 as follcws:

"For shins -aresex-vedit to~side a-ir-supported
covers, d a=aged in __tionshoud b;e re?]Laced
with new coveri;ng. Perfo=rm ainten-aance as re-
quired, to- co.=tinue the equipz.ent amn opertg
condition. i

Encl Ul , pzg 24, ofz
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Add anew ina seaemce

Inrin- -- h vn-:ainsse

2. sub-paragrapan 2

Aa. inewt a~ ze tr sen-tence:

'Vailto ts a:tey the svea=-.
posioed ain zone w---e idfiG'-17 a. one w=tnin
a osidute nes~oed t ~r asal ren -

crie in place.--Cw fDa i wtint~

a. Ader a ne tnI.-a setece:

scrensiiaion dctsJomioed in the dehtL-"nGLZ!,-
zie with zoa t-in a oSier-or
sriictqe te-nt ebane e.c' a e

quied to :cntrowC~ of~r fi ai we;iaifzed

sp. 4d a=new finl sngs L nce:d -ao
canbe re.Idtroug raemrad~n 0en6i9a9i

zoaefos.ppevd witabb a topside - -uiote tx-~Z

ij be instalted

2- IneLtefla bzseV-tebgm-OIgo
th. e lst p aahientecofi Aiies 54 ragpica

s'Fowar forps preserved bit atohidear

2.~~~~~~~~Bc (nsr) t, foloin phae25,hebcin of

Reor 28-550 2C4-51
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- -,__,_,_____....._

3. Add a acw final paragraph a fol -ow:

OFo ships preserved vith an air-suported structure:
apart frca easily pilferable articles 'Which
be secured as described in the preceding paragraph,
anl other topside gear inclued amog the foregoing
exaweswhich is lcated in the dehumidified air

e within the structure, iezains in place."

4. It should be noted that the above revisiod is not
inten-3d to include topsid gear uer the c -i
zanae of AVORD or NAVAER, which should be handled
separately as lended in the body of this
r~eport.

Page 90, Par. 302 - PIPPATORY STEPS

Sub-paragraph la

AM a sentence:

-This incudes removal of the topside air-supported
tue from ships preserved by this method.0

_:'I

Enc(if) pg 26, of L
NAVSHIPRANDCEI, 1IAILAB Itr.
2841:UE- 4770 Wc-k Unit No. 17
2841-512 L-

Rteport 28-550 6 -- 2
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j-.; Frn:Cader, _Uva1 Shp Ree=. andDe!i3Li9 ~te

Suj: Ship, Topside Ereapsulation Program (AK-26); cost-tim= e nefft

Re: (a) XAI D Anmpolis laboratozy. Itr 2841~h A 4770 11brk
W~t 2U41-S12, E!Ship Tvpside Ehapsalat-.m~ Prqpxm, L-etinp

with mxwx W~L,- oa 1 Azr 1972
(bj M II ACr1 A~zjpoLi Labrti 1t-24 1 770 Woerk

Unit 2841-512, pSi Topsid E asula . erfonrce of

L Cover Aord MS Thi (-U-260) ," of 4 Fe 19722
(c) Naval Shi# Teebmical M==l, Ompter 904, -Aeadiness and Care

of Raval Vessels in Inative Status,- of Sep 1967
(d) I'Crl-E cHIP N~uUiX!VM A ?CIUfl MOAX, O1LESM ENITUiL

(LK'4CTIIAC VWA OIL"-~ DET3 Ship 1ma--ifatio2 P=Vress Mepart
Final Rert, MrS BETOEWE M(FUM 260 of 14 jam- 1971

(e) -SU MME- Am olx Izt .ory. ltr 2941H1-A 4770 work
Us Unit 2941-512, "Ship Topside Encapsulart Frcv=a (-AK-26W;;

Revision f Nzral Ships Tecimnical. bMna, Qsater 9030, -- j...2
mmess and Care of Naval Vessels in luctrve Status. belaw decks

I aqun t'," of 9 Ji 1972-
(I) PITIADEIAZA MUML SIM-MM (MAVHMFD MIfA) Itr, Code 239 (WWR

1 MK-260, "MS M3EZELEOE (A[-260); Nechzized Departure Report
forw Of ;r za 972

(g) VSIYD MIUA Code 249 Value Enrjinezxi i,, wkuo, '1Topside Cover
for AK-26C, Vzbue EuierzgRer-ew," i-f 27 -42n 1972

I(b) BIRDAIR M1IFFrMS M., * lr, Ref: 70-7t-, "Estizated prices Fo
follw-on ship cowers," of 24 ixan 1972

(i) IMVSHPRMU.C Re-YT 3-650, "-%A-el loft-Tfers Preservation Systen

for Ships* Topsides aad Superstructnres," of Mar 1971

Enl: (1) Ship '-F tiv onc, Cost-Timm Benefit Analysis and Details of

1 (2) Inciehphaintemance, Cost-1ime Benefit Analysis and De-
tails of Estimtes, (3 s1~eets)

(3) Ship Activationa, Cost-Time Benefit Analysis and Details of[ Estivates, (2 sheets)
()Ship Activation, Four AMA Class Ships, Estimated =nd 1-inal

~ 1(5)Coopative !%activation aad Activatio Cost-T1ie Estinates for
I L Skips Haviag Generally Similar Hal Dinensions (I sheet

Ila P reo 28-550 L-1
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1. Practicability of single wall 3ir-szpported structures to serve as
shelters in a 'v2aiety of applications is well established. Perfornance
records indicatc that;, seivice Ikres significantly longer -:ban 10 ycars uii-
dter a broad zspec j of. clicatic conditicn can be expected for ;:tructures
nde of selected material ccziations, as show'n in encic we (4) of

raference (a) -

2. Pfarx-nee of thie protety-ne single wall air-supporteI structure aboard
the tonside e. _AK-260 has been satisfactory during the shrt period of ser-
vice sinCe_ its in stallatien in 0O=to-, 1971. Subsequent to the "drying out"
perieod, relative zrmridity of the air within the cover has been maintained
readily at the desired level, i.e., about 35 nercr:nt. A !ev ssail holes in
the cover have bendetectec and repaired. Personnel of IRACTlVE SHIP
NIINtiIE FMACII715 PHI LADI LPHiI (M-CSIPFAC PHIIA) have provided Ekore
effective seals at several locations between the flanges -it the bases of
t;%- wialls of the flooring st-ticn enclosures and the deck Af the ship. These
modifications have edhziced struztural air-tightness. Th cover has
iseathered wind velocities ui to 46 k.nots- the highest vel icities experienced
since iuistaflatiem eight nanth ago,* as described in reference (b). Tshe_
camer appears to be continuing its fizncticn of naintainin - the topside
areas ia a wel-ntected c;.,iltion. Based on available -lata, an indicated
servYice life well in eycess of 10 years appears attainabl for the air-
supported structure 2b*_n'rA 112t" :-ttesting to the technical feasibility
of the topside encapsulatioi concept.

3. A cast-tine effectivene!.s anal vsis of the concept as ipplied to AJ-260
or to a similar fleet zomilfay i the subject of this re ,ort. Cost-time
estimates for the iou t.ern- vreserration of the MUiD over the inactivation/
activation c-;zle by tite top! ide encapsulation and standar i methods haire
been developed. Srizd re--i;ltr are campared in the taible ous page 3.

4. Dveloxwent of torside tncapsulation frci& the prototype installation
to its fullest proposed L-mementation has been divided. into three phases
far pzrposes of anaiy--is. IN-e current pr-egr-a with UZ-2611 is Phase I and
inrt!udes all developneintal and redundant costs. For P1hAse 11 developizental
and redunda-nt costs are dedructed. In thes-e fir;t two phases ship's force
and inibustrial force work ims been perfo-ad in most resps-cts according t6

praocederes described in reference (r.). However, estinates for Phase III
are based on an enapsulation pro~edure proiected to its aaximu develop-
sent. This maxim=a dteve~opaent wvled coiisist of extensive revision of
reference (c) 4nd on. sigra-ficant sizlificzation of 1Loth o:crex design and I
shb:]r topside preparations required to accommodate the cover.

S. The estimates for Phase III sad the standard meA)od indicate the labor I

Report 28-550 -L-2 :



LI. COST-TIME BENEFIT ANALYSIS-ESTIMATES

SUI ARY
INACTIVATION/MAINTENANCE/ACTIVATI ON; AK-260

~iL NAVAL SHIP TECHNICAL MANUAL
REVISED

PRESENT CHAPTER 9030 APPLIES CHAPTER
9030 ESTIMATED

APPLIES
TOPSIDE ENCAtPSULATION SAVINGS:

Lj STANDARD PHASE I PHASE II PHASE III
CURRENT ENCAPSULA- STANDARD

MErHOD OF AK-260 DEVELOPMENT TION CONCEPT
PROGRAM; AND REDUN- IMPLEMENTED LESS

PRESERVATION ALL COSTS DANT COSTS TO FULLEST
INCLUDED BACKED OUT EXTENT PHASE III

L CTIVATION
MAN-DAYS 10,780 14,549 11,490 10,153 627

< COSTS, %lK (1)(3) 1,111 1,902 1,38!; 1,263 (152)
_ TIME TO COMPLETE, MONTHS 5 7 S 3-1/2 1-1/2

N TENANCE, 15 YEARS
MAN-DAYS 2,900 3,450 3,450 3,450 (SS0)
COSTS. $K (2)(3) 185 246 245 246 (61)

IVATION
M iN-DAYS 11,996 11,663 11,243 10,105 1,891

K COSTS, $K (1)(3) 1,536 1,503 1,459 1,345 191
TIME TO COMPLETE, MONTHS 3 3 3 2 1

PCTIVATION/ACTIVATION I
CYCLE

-MAN-DAYS - 25,676 29,662 26,183 23,708 1,968
COSTS, $K (3) 2,832 3,651 3,09) 2,854 (22)
TIME TO COMPLETE, MONTHS 8 10" 8 S-1/2 2-1/2L (EX MAINTENANCE)

TES: (1) COSTS INCLUDE LABOR CALCULATED AT $100/MAN-DAY, CURRENT NAVSHIPYD PHILA

INDUSTRIAL FORCE RATE PLUS MATERIALS.
(2) COSTS INCLUDE LABOR CALCULATED AT $23.SO/CIVILIAN MAN-DAY, INACTSHIPFACPHILA RATE AND MATERIALS.
(3) CONSTANT DOLLARS USED THROUGHOUT.

[3 Report 28-550 L-100
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savings of approximately 9 man-years may be realized over the total inacti-
vation-activation cycle. For the activation segment alone, potential labor
savings of nearly 8.5 man-years appear possible. It also is estimated
that the total time required to complete activation of an encapsulated
ship would be only two months instead of the three mor.ths presently required
for a ship preserved by the standard procedures. These magnitudes of
labor and time savings for activation could provide a marked advantage
during a national emergency.

6. Estimated overall costs for the inactivation/activation cycle by both
Phase III encapsulation and the standard methods are about the same. This
is attributable principally to the unavoidable initial cost of the cover.
It has been assumed in tais analysis that the cover wculd have depreciated
to zero value when removed. This would not be the case for dimensionally
identical ships of the same class where a cover could be removed from
one ship and installed aboard a sister ship. This would be a common occur-
rence if rotation of ideitical ships in and out of active status was; con-
sidered to be advantageou.zs.

7. Background informatirn and details of estimates of cost and time for
the .inactivat ion, maintenance, and- reactivation of "AK 260, prieserved by
either standard or encapsulation metht4:, are included in enclosures (1),
(2), and (3) respectiveli.

8. Comparative inactivation/activation cost-time estimates for agroup of
ships having hull dimensions generally similar to those of AK-260, are
shown in enclosure (4). Inactivation and activation data have been estimated
for AK-260 preserved by t opside encapsulation, Phases II and III. For all
others, sources of inactiration and activation data include final ships'
progress reports, ship d-parture reports, and activation work packages.

9. The wide ranges bracceting inactivation returned'costs and time, and
activation work package 3stimates, attest to the inadvisability of attempt-
ing to develop average base lines for comparison. The inactivation/
act.i.vation cost-time estimates for AK-260, preserved by either the standard
or by the encapsulation methods, feli near the lo.,er side of this wide
range, even though an attempt was made to keep the estimates on the con-
servatively high side.

10. Supplementary information regarding activation cost-time differences L
among four AKA class ships is given in enclosure (5). At least for com-
mercial shipyards, the data disclosed a wide discrepancy between planning
estimates and returned costs, with costs invariably higher.

11. Wide variations in time and costs, especially for activation, are not

Report 28-550 101
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unexpected. They may be attributable to sigifficant differences in con-
dition among ships Aen they enter inactivat ion. Other factors which may

9 -contribute to the wide spreads, are differences in practices among ship-
yards such as estimating and procedures, and in organization, priorities,Ii workloads. and past expcrience.

0 l 2, The information contniAned in this letter includes lata provided by
the following facilities:

INACTSHIPFAC NORVA
INWM41~IPFAC NORVA IIIASN DET
INAC1'SHIPFAC PIIILA
NAV311PYD PHIIL4 IAV-TPP- 043

copy to: 
j ieto

I I] NIPS 03421
NAVSEC 6101E jLi

iteport28-550L-510



SHIP INACTIVATION

COST-TIME BENEFIT ANALYSIS AND DETAILS OF ESTIMATES

1. Ship inactivat-ion is accomplished by ship's 5orce ?nd by shipyard
industrial force. in the case of AK-260 ship's 5orce work was completed
at NAVSHIPYD CHASN and ir.dustrial force work at NAVSHIPYD PHILA. It is
believed that the time to complete ship's force work aloard AK-260 was
somewhat longer than would have been required ordinarily, because the
facility .ished to make certain-that all details including special work
aboard a test ship were h ndled correctly. Shipyard irdustrial force
work included the hull exterior and interior, and topside modifications
required to accommodate the cover.

2. Industrial force actiiities usually begin when ship's force work is
-coBpleted. However, for ;everal reasons this practice could not be

followed for AK-260, wher3 a delay of approximately selen months after
the completion of ship's force work occurred before the start of indus-
trial force activity. Accordingly, redundant work was performed at an

* expense which otherwise would not have been incurred ir order tG pr'vide
protection for the ship diring the interim period. Additional unantici-
sated industrial force ex *enses occurred in preparing the topside to
assure an accurate fit wr:ti the cover.

3; Aldevelopnenta" CosLs ificluding-those ort£he coniract6r ana the
Navy were isrne by the cur-ent program which is identified Phase i.
Deduction of all estimate l redundant and developmental costs from Phase
I, provides the basis for Phase I estimates. Additioral deductions
are estimated for Phase ITI where the encapsulation cotcept is projected
to-maximum implementation. Details of the estimates for ship force
work, for redundant indus-rial force work, and for the contractor are shown
on pages 2, 3, and 4 respactively of this enclosure. A summary of inac-
tivation cost-time data i; given on page 5 of this enclosure.

.1

I I

II

Page 1, Enclosure (1)
Report 28-550 . .103 L-6 to Annapolis Lab ltr !Repor 28-552841:HEA
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INACTIVATION

SHIP'S FORCE WORK (AK-260)jf REDUNDANT AND OTHER DEDUCTIBLE WORK ITEMS

~MAN -DATS

CURRENT REVISED

CHAPTER 9030 CHAPTER 9030
APPLIES APPLIESIp DEPARflTHMiIF PHASE I pfmII PHASE III

- DICtRENT AK-260 REDIDANT WORK ENCAPSUlATION

PROGRA , DEDUCTED CONCEPT IMPLEMENTED
I FROM PhASE I TO FULLEST EXTENT

RETURNED (1) . ..ESTIMTED ESTIMTED (2)

NGIhNEERING 3,572"494

1 -ECr/H 1,3823

-PS/NAVIGATION 311 250 225
I!

~-~jPPLY 341 340 340

jL~EJ)4 S$20) 475 - 400-

F' 7IS TION 8) 90 90

D/DENTAL- 6) 60 60

TOT,;, 6,278" 5,405 5,015-

O5, ROUNDED S,400 5,000

1 OTFS 1.. DATA SOURCE: ELNAL SHIPS PROGRESS REPORT, REFERENCE (d), INCLUDES WORK I

d 10i WOULD NO'- HAW. BEEN KI ECESSJARY, HAD THERE NOT BEEN AN APPROXIMATELY
4 -] SEVEN MONTHS INTERIII DELAY BETWEEN COMPLETION OF SHIPS FORCE WORK AND

START OF INDUSTRIAL FORCE WORK. REDUNDANT WORK IACLUDED BOOM STOWAGE j
IREL(rATION; HANDLtING EXPOSED. TOPSIDE GEAR.. CLOSING VENTS, SEALING" ELEC-

TRICAL OUTLETS STRIPPING AFT CONNING STATION, PRESERVING WINCHES WITH
SOLVENT CUTBACK CORROSION PREVENTIVE, ETC.

Uj 2. BASIS OF ESTIMATE: LEAVING TOPSIDE GEAR IN, "AS IS" CONDITION TO
MAXI-W4 EXTE T, MAXIMIZING USE OF DEHUMIDIFIED AIR FOR EQUIPMENT PRESER-
VkfION, AND REPLACING BACK-UP SOLVENT CUTBACK CORROSION PREVENTIVE WITH
PRESERVATIVE LUBRICATING OILS FOR PRESERVATION OF MACHINERY COMPONENTS,
MilCH IS DESCRIBED MORE FULLY IN REFERENCE (e).

Page 2, Enclosure (1), of
Annapolis Lab ltr

Y U~ e P55 L77104 2841:HEAReot2-5 74770
Reor~c28-50 L- " .U. 2841-512 -
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INACTIVATION
INDUSTRIAL FORCE WORK (AK-260)
REDUNDANT 'TOPSIDE MOD)IFICATIONS

COST-TIME ESTIMATES

COSTS SK MAN-DAYS

FROMf TO SWVINGS FROM TO SAVINGS

1. COVERING AND REOPENIVG STACK 4.0 C 4.0 30 0 30

- 2. MOORING STATION ENCLOSURES
Ai.':-LOCK VALVES
a. FABRICATING AND

INSTALLING ORIGINALS
b. CLOSING ORIGINAlS 2.5 0 2.5 15 0 i5
c. GJASKETING PROBLEMS

ORIGINALS I -

3. REPLACEMENT OF CUSTM MADE 49.7 10.0 59.7 452 77 375
METAL AIR D(JCTING EY (1) (2)
STANDARDIZED REINFCRCED
PLASTIC DUCTING

4. FOtNDATION FOR AND 1.5 0 1.5 10 0 10
12NSTALLATION 'OF M~ RGENCY
POWER GENERATOR

5. ADDITIONAL WORK TO SEAI.- 2.0 0. 2.) 20 0 20
ADOORING STATION
ENCLOSURES

TOTALS 59.7 10.0 19.7 527 77 450 1

NOTES: (1) FROM SHIPS DEPARTURE REPORT, REIFERENCE (f).
-(2) USING SAAE PROPORTION, APPROXP&MTELY 5:1, USED IN RiECOWIENDATION

NO. 4 3F NAVSHIPYD PHIIA VALUE ENGINEERS, REFERENCE (g).

FL

Page 3, Enclosure (1) o-
Annapolis Lab ltr

2841 :HEA
4770
W.U. 2841-512
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COKIRACOR'S ESrII D PRICE AND PRICE P.EDUfIt |
F0R A FOLD.-Ot St ill CVER LNIT Ul)

(Costs based on current material, labor, 2nd burden)

COiMI 1 COLIR 2 COLUM 3 j
Identical to Near identical Similar size
original (saw- overall design o rnon
unit; for configuration, limit- New design foi
identical ed design, detail a different -

ship- differences), for a
sister ship with some
fitting alterations.

. Estimated Price. Supply of mate-
rials and services identical to

those previously suppliei under
[1 the initial developental program,

less the emergency power generator
emd pallet handling equipment ..... $170,000 $190,000 $215,003 j

[i. Approx. final price of original
program (contract) ...... $328,000

l[.Price Reduction (II - 1) .......... $158,000 $138,000 $113,003

-IV. Breakdon of price reduction,(11 T_ anrwe), aproximaat-:

A. Not-recurw.ig deveopenal
eng ieih 1; cc-s .............. $ 1,009 $ ,1,000 $ 51,701)

B. i/on-recurring design 3 ngineer-

ing cost ...................... $ 60,000 $ 36,000

C." Non-recurring Thnufacturing
costs (i.e., developmental re

Z assenbly techniques) .......... $ 19,000 $ 20,000 $ 23,301'

D. Unanticipated oaterial.and.
labor (engineering, shop, lab, j

L QA) costs relative to material
supply problems ............... $ 14,000 $ 14,000 $ 14,000

[] E. Unanticipated labor aid "other
dire,t" costs relating to Navy
delays at Philadelphia ........ $ 11,000 $ 11,000 $ 11,000

F. Removal of supply of emergency
paver generator and pallet
handling equipment............ $ 13,000 $ 13,000 $ 13,000

V. Iproved pallet handling erijient,
additional cost ............ ,...... $ 9,000 $ 9,000 $ 9,000

'L::--&. Based on information included in enclosure to reference (h), and telephone
sdiscussion between D. Randall, Birdair Structures, and H. E. Achilles,

NAVSHIPRAMDEN, Annapolis Laboratory of 30 Jun 1972. 106
.--Report 28-550 L-9 Page 4, Enclosure (1) of



SHIP INACTIVATION
C3ST-TINE BENEFIT ESTl'LfTES-SJ4ARY

,AX 2W0
I D~aval Ship Technical PZaml___

R evised Chptez
Curret Chapter 9030 Aplies 9030 Applis

Stardurd nletbod Phase I -

fstimated Cureto)) Ptase n(5) Phase inC 7 )
Cost Cost cost ost

Facility n-a SK(l) s-..ays WK() na s(1) "-days SMUc(1 )

ships Force 6.200 610(2) 6.278 627.8(2) 5.4,20 54(2) 5.000 50(2)

Nal Shipyar 30 6 33 6.0 6 33 6
P roduction
Deparmt

Saval Shipyard jIrIUStrial

Force Bull 4140 70 2.496 261.6 2.430 250 2.300 240
ue Modi- - 3? --. 7 3.257 345 j2. oo 255

DeinDv- o" 2v ~1.110 *131.0 ;c 0 2 5 ;O k5Ision I I I I
jCqutract r h 328.-3 WA 1 .3 S 19?

NAVSHIPAIMC- 149-7 -20 40(6) 2o %o(6)
Annapolis

Naval Photo- MA 3.0 0 0 0 0
graphic Center I 2180 1.111 14.5.9 1.9'.l 1.190 1.385 10.15 1.263

Time to co- 5 7 5 31/2
plete. months

(
1

)Constant dollars tsed throughout.
(2)Slkip force =a,-&y rate nor.lized at $l0/a-day as for industrial force NAVSHIFW

Phil&.
3)includes all estiated developmental and red=3dat costs, both cotractor ind V. S. Navy.

0 )Program charged cc.ly with 0,355. ixcess absorbed by otter facility.
(5 gxcluifes all estimated developoerital and redundant costs, both contractor and U. S. Savy.
(

6
JAssumig coordination of program by SVSHIPPAVCE A narolis.

(7)Zacapsulation, concept implemented to fullest extent.

L

Page (S) Enclosure (1) to Annapolis Lab Itr
10a7 2841:HEA Li

4770
epr285.5. 2841-12Report 28-550 L-10J



HI

I INACTIVE SHIP MAINTENANCIjL] COST-T M- BENEFIT ANAYSIS AN!) DETAIlS OF EST3IA.UrES

1. Comparative mintenance cost-time estimates over a 15 yar period for

AK-260 preserved either by standard or topside u-L-apsulatioc procedures
Ll | are summarized on page 3 of this enclosure. Prese vation by topside en-

capsu'ation is the more expensive method in zem-s of both money and sn-
days. This is attibutable to increased poer costs incurred because of
the need to operate five instead of two air delumidification machines,
and to estimated additional labor for maintain-ng the cover.

2. Pa~rer cost estimates are based in part on the results of a survey of
1SS TERR WtU 5) made by iNAC1MIPFAC PHILA. The results shbuld apply
reasonably well to the A.K-260, because hull dimensions of the two ships are
similar. Deta, is -3f the power cost estimates over the 15 year anticipatedj life span of "'ce tpside cover are shown in the fol.owing table. Constant
dollars are assued1 throughout the teriod.

0jj Total Powcer Costs for MS TEIM R $ 3,40.)I

Less, Power Costs -'or 2D)11 umits/1YR A, 14A (1)Other Power ReqauIr.ents/YR 2,2S2

ISTMIRV ETI APSUATION

i LiD/H Machines

NusI~ber required 2 5
| | Power cost/yr $ 1,148 $ 2,870

Fressurization Bla±ers
Oune Low Pressurejyr -86
One High Pressure-/O. yr 9

Power cost/yr, blowers 95

I I'Power Costs-/YR-
D/H Units + Blowers 1,148 2,96S
Other 2,252 2,252
Total 3,400 5,217

LU or rounded
Power Costs/IS years 51,000 79,000

0 NOTE (1) lased on power costs shown on page 25 of reference (i)

-3 Page 1, Enclosure (2)
to Annapolis Lab 1tr-

2841:HEA
Report 28-550 4770 108
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~* binezmcelabor costs are uxmmlized at S 23.50O per usan-da, twe

-j I DIMI~I FAM c~iviliani rate aiplied ftir WS 19UMR I

0

IL

W.U. 2941-S1

Rei~~~okt 2850L1



XIQWTII
COST-Tm 5=40

229 gI*iItz"

J8 So- IIC T-
V

3AW4 5:iII]/eg _ _W i_.2_ _ _ _ _ _26A6_ 1_19_ _.4 _ _29_ _ _ _r

~TOf COS f

________ ___And-________L____
forZls st r stxz vwtlo -. 1 I

(3 ___ ___ __ coo" sca~w.t S a t~z 3 0t-~~1  -M U fcr703M^ l9C-r-.&Z n O tS X P

_____ [____ar iit %a=ta~ -ra t ae

Pag (3)~cb Enlsr (2 to KIp i La I t

Report 28255 L-13a W. 2941-512 *~~a



SIP MTIVATcIM

tMST-TDE IREFIT ANALYSIS -AD ITAIS 'OF ETO

1. EM11UED WAVMGS, M-H'SE 11 VS IRMSE I

A review of the activation utzk package for AK-260 an 30 June 1971
With BNA lSIPFAC IIU disclosed that n1w1 activatioM Work Item Need
mot have been plammed, if the inactivation indu srial force wort had
followed with=~ t itteriuption ship's force work aboard the ship. De-
dacting - -ecessary work indicated an estimated savings of 415 mnz-days
from the total estimte of 11,663 man-days for irsase 1. or an estimated
11,248 man-days for Phase 11.

2. F.SMIRIEDU SAVGS, PHASE III -*S PHASE I

a. It is assumed that with the implemntation of revised Chapter 9930
the time requ~ired to activate a ccoonent would I* -e appoxmately equal
to the tir~e needed for its inactivation. For ship's force work during
inactivation savimls- of 1,2789 ina-daysm have been estimated. In accordance
a-t this asszoticn t"e same numer off man-days could be saved during
actii-atian.

b. SL-1i filcin of tcpside nodificazl. 1s * as shocwn in Rcnoa
No X. z "ofI refzw -.ce [?,,, .Nmild affrd 1*-,or savinginatvio

-tiie as eie -litivC-bj7 the fdflcQ-ihg: si ci-t.

o Rcduction inl r!--z!~2r AetaI noorimg station enclosures
frM-J0 -.0 2..

o Replacemient of custom made metal duzting for the dehumidified
ai b standarized flexible reiafcr--ed plastic ducting.

A savings ell per als 30 can-days is estimted fen- the above items.

c.Impiennttion of tho rccsendations for revising Chapter 9030
wthrespect to belmr decks iachinery as described in reference (e3 would -

be expected to effect a significant. reduction in actirztion labor. A
sarzags of son--e 250 nan-days is estimated.

=d. Deduction of the estimated t4*al 1,558 =m-day savings from the
11,663 activation man-days for Phase I provides an estimate of 10,105 man-
days for Phase III. A summary of activation estimates is shown on page 2
o.1 this enclc .ure.
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Iii SHIP ACTIVATION

FOUR AKA CLASS SHYPS (1)

If COMMERCIALATE AN (U FI COA STS 2 AII OS

YEAR OF ACTIVATION 16 2

CONRILSHIP YARD LOCAION CUFCATPAII OS

SHIP CODE AKA 53 AKA 92 AKA 54 AKA 93

111 ACTIVATION TIME, DAYS TO C:OMPLETE 86 86 66 70

U MAN-DAYS (3) 16,604 15,346 28.623 26.224

PLANNING ESTIMATE, $K (4) 1,128 916.3 1,700 2,000JI]CONTRACT AWARD PRICE, $K (4) 730.9 656.0 -882.0 92S.2
S ACTIVATION FINAL COST, $K (3) 19999 1,074 2,385 2,174

(4)

E jLI Notes .1. DATA FROM4 FILES OF SHIPS 043

2. REACTIVATED DUFING EM.ERGENCYI

Li3. RETURNED MAN-DA.YS FT COSTS INCLUDE OVERTIME N3T SEPARABLE

FROM INDIVIDUAl. TOTALSIL! 4. PRICES & COSTS IN 1961 DOLLARS

~L!
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APPENDIX M

TOPSIDE ENCAPSULATION OF
L USS BETELGEUSE (AK 260)
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Figure 344
I Positioning Transverse Cable on Cover
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Figure 5-M
Applying Hypalon Paint to Bonded Cable
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Figure 7-* Attachmnent Of Transverse Cable to Padeye
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Figure ll-m
cover positioned Over Stack;

First Cable Being Attached to Padeye
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Figure 18-m.
Bow view, Topside Enclosed
within Inflated Cover
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